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PREFATORY NOTICE. 






In modern schemes of Technical Education two dis- 
tinct classes of students have to be catered for. The 
• day student who has completed his school education, 
and who is about to qualify himself for some branch of 
industry in which a knowledge of scientific principles 
is essential, is enabled to distribute the whole of his 
time among the various subjects which are likely to 
be of importance in his subsequent career. There is 
V) in addition a large and growing class of students whose 
^ daily occupations prevent their attendance at college 
| day-courses, but whose commendable desire for self- 



advancement leads them to seek instruction at evening 
classes. For both kinds of students provision has been 
made at the Finsbury Technical College, and the 
scheme there carried out was originally framed so as to 
carry on both kinds of instruction. During the 6ix 
years that it has been my privilege to be responsible 
for the teaching carried on in the chemical department 
of that College, the steady increase in the number of 
evening students, and the zeal with which men who are 
engaged all day, often in very arduous occupations, 
will carry on supplementary work in these evening 
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classes, has convinced me that such in traction 
supplies a distinct want. That the training which the 
City and Guilds of London Institute has enabled us to 
impart is of real value, can be amply shown by the 
numerous records of promotion or of improved positions 
which the evening students have been enabled to take. 
Another favourable sign is the fact that a considerable 
number of day students who have completed their 
studies, and who have obtained appointments in the 
London district, re-enter the College as evening 
students. Of equal or greater significance is the fact 
that the competition produced by the spread of the 
Polytechnic movement has had no appreciable effect 
upon the evening attendances, and this in spite of the 
fact that we cater for no examination, and that we 
profess to qualify students in Chemical Technology 
only. The importance of such a statement will appear 
when it is remembered that London is not a first-class 
centre of chemical manufacture, and that in so well- 
worn a subject as Chemistry there are already in 
existence numerous evening schools. The general 
spread of evening instruction appears rather to have 
had the effect of raising the standard among those 
attending the College classes. 

The main point in which fhe chemical training 
given at a technical college should differ from the 
ordinary examinational treatment of the subject is in 
the greater importance which should be attached to 
practical work in the laboratory. For this reason the 
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preparation of various inorganic and organic compounds 
has been made a special feature at Finsbury as soon as 
the student has acquired sufficient preliminary skill in 
qualitative and quantitative analysis. Greater value is 
attached to the knowledge acquired in this way than 
to attendance at formal lectures, although a certain 
number of these are also delivered throughout the 
session. No student is considered qualified to carry 
on work in organic chemistry until he has previously 
been through a course on inorganic chemistry, includ- 
ing the general elementary principles of the science. 
Supposing such preliminary qualification to have been 
acquired, either by attendance throughout one session 
at the evening inorganic course at the Finsbury 
College or elsewhere, the student may pass on to 
organic work, and the various programmes of instruc- 
tion which are contained in the present little volume 
will, it is contemplated, be found of use to those who 
are following up this branch of the subject. The chief 
practical difficulty which must be experienced by all 
teachers of chemical technology is due to the very 
diverse fields of labour in which evening students 
pursue their daily occupations.* With reference to 
organic chemistry, for example, the training which is 
required by a soap-maker is quite different from that 
required by a brewer or a tar-distiller. After the 

* With day students no such difficulty presents itself, because these 
come to us while still young, and for the most part with no definite 
line of future chemical work in viow. 
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general elementary foundation has been laid it is im- 
possible, therefore, to provide a single scheme suffi- 
ciently wide to embrace all the chemical industries. 
For this reason the laboratory work has been sub- 
divided in such a manner as to meet the wants of the 
various industries. The programmes which the author 
has drawn up cover very fairly the elementary 
principles concerned in all the branches of manu- 
facture in which organic chemistry plays a part. If 
the student wishes to limit himself entirely to his own 
subject, he can do so after he has shown sufficient 
evidence of knowledge and skill in the general pre- 
liminaries. If he requires to obtain a wider range of 
knowledge (and this is in all cases recommended), he 
can work through all the programmes. This recom- 
mendation applies especially to day students, who can 
give more time to, and who are enabled to work more 
continuously at, the subject. All the experiments 
described are thoroughly practical, and have been 
performed by successive classes of students under 
Mr. Streatfeild's supervision throughout a period of 
many years. The success with which this method of 
instruction has been attended in our own College has 
warranted the belief that the little laboratory com- 
panion now offered may be of use in other technical 
schools, and I have great pleasure in commending it to 
the notice of teachers of Chemistry. 

K. Meldola. 
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The object of this little book is to meet a want which 
the author has experienced in teaching the rudiments 
of Practical Organic Chemistry to students who can 
devote but little time to the subject. 

The subject matter of the following "Programmes 
of Work " has been chosen partly on account of its 
technical utility, and partly as affording practice in the 
application of the more important reagents employed 
in the investigation of the compounds of carbon. 

The writer wishes it to be expressly understood 
that the book is only intended to be a laboratory 
guide, and its use should be supplemented by reference 
to standard works, or still better by personal instruction 
from the teacher. 

For elementary students the author would recom- 
mend Professor Ira Eemsen's * Organic Chemistry/ or 
the excellent little book of Professor Emerson Keynolds, 
'Organic Chemistry/ pt. iv.* For more advanced 

* Professor Reynolds little books have been translated into Ger- 
man by G. Seibert, under the title of • Leitfaden zur Einfdhrung in 
die Experimental-Chemie.' They form a series of excellent German 
Headers for chemical students. 
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students, Bernthsen's 'Text Book of Organic 
Chemistry/ translated by Dr. M'Gowan, will be 
found very serviceable. 

In preparing a work, however elementary, an author 
feels how much he is indebted, either directly or 
indirectly, to the labours of previous writers, and to 
those from whom, as teachers or colleagues, he has 
derived assistance. In the latter category the thanks 
of the writer are due to Professor H. E. Armstrong and 
to Mr. J. Castell-Evans, 

The author wishes to acknowledge the help he has 
received from many scientific and technical journals, 
and to certain works dealing with organic analysis, 
especially to Allen's 'Commercial Organic Analysis.'. 

Thanks are likewise due to Mr. F. C. Kobinson, 
senior chemical student at the Finsbury Technical 
College, for the great care and attention he has devoted 
to the drawings, which for the most part were sketched 
from apparatus in situ. 

The author also most gratefully acknowledges the 
encouragement which he has received from Professor 
R Meldola, the present head of the chemical depart- 
ment, who has kindly read all the proof sheets, and 
has made numerous corrections and suggestions. 
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Before commencing work, ascertain fully the object 
in view. Recollect that the mere preparation of 
chemical compounds, however beautiful in themselves, 
is not the sole end and aim of your work. Having 
clearly understood the purpose of the experiment, then 
set about its execution in a methodical manner. First, 
find out as far as possible the properties of the pro- 
posed preparation. You will then be in a position to 
fit up the necessary apparatus in an intelligent manner. 
Great attention must be paid to neatness in fitting 
up apparatus; corks must be carefully bored, glass 
tubes must be neatly bent and not unnecessarily long, 
and all sharp edges must be taken off. Exercise 
judgment in the selection of flasks, funnels, beakers, 
dishes, &c. 

During the progress of an experiment keep your 
eyes open, and record in your note-book all changes 
taking place. Weigh or measure, as the case may be, 
the quantities prescribed. Note the yield of the pro- 
duct in each case, and compare it with the quantity 
theoretically obtainable. Examine all crystalline 
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compounds under the microscope, and see how their 
appearance tallies with that given in the books. Be 
careful in your determinations of melting and boiling 
points ; in short, keep steadily in view the fact that 
you are qualifying yourself to become an original 
investigator in Chemical Technology. 
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OPERATIONS 




ERRATA. 

Page 66, line 2 from bottom, for " through concentrated sulphuric 
acid " read " over calcium chloride." 

In Fig. 24, the second bottle containing concentrated sulphuric acid 
is to be replaced by one or more U-tubes containing solid calcium 
chloride. 



Crystallisation. — This process is more frequently 
made use of than any other, and is effected by dis- 
solving the substance in some suitable solvent, some- 
times digesting with recently ignited charcoal to remove 
colouring matter, filtering if necessary, and allowing 
the solution to crystallise, concentrating by evaporation 
if too dilute. The crystals are collected, well drained 
from mother-liquor, and if still impure recrystallised. 

Fractional Crystallisation. — When two or more sub- 
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stances occur together, they may often be separated by 
taking advantage of the different degrees of solubility 
which they possess in a certain menstruum. The sub- 
stance is dissolved and allowed to crystallise, care being 
taken not to form a too concentrated solution. The 
first deposit of crystals will consist of the less soluble 
portion. It is filtered off and the filtrate (mother- 
liquor) concentrated by evaporation, when the more 
soluble compound will separate out. The successive 
deposits are then recrystallised each in turn until 
finally the deposits are found to be homogeneous. This 
operation is called fractional crystallisation. 

Selection and Application of Solvents. — The selection 
of a suitable solvent for purposes of purification requires 
some consideration. The process generally followed 
in the first instance is to submit a small portion of the 
material contained in a test-tube to the action of several 
solvents in succession, until one is found out of which 
the compound readily crystallises. 

The following is a useful list of solvents : — 

Water. — Dissolves sugars, gums, starch, and other 
highly organised bodies which are nearly insoluble in 
ether or alcohol. It also dissolves most organic acids 
and salts. 

Alcohol. — This substance is largely used as a solvent. 
Purified methylated spirit may generally replace the 
more expensive ethyl-alcohol as a solvent. Many 
organic compounds crystallise ^ell from a more or less 
dilute spirit. 
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Benzene. — This is a very useful solvent. Substituted 
haloid and many nit ro-com pounds crystallise well from 
benzene. A peculiar characteristic of this solvent, in 
which it differs from alcohol and ether, is that many 
amorphous substances are insoluble in it. 
. " Coal Oiir — The fraction of coal oil after separation 
of benzene, containing toluene, xylene, &c, is occar 
sionally useful when a solvent of a somewhat higher 
boiling-point is required. Aniline, dimethylaniline, and 
phenol are sometimes useful solvents. 

Light Petroleum Oil, consisting principally of the 
lower boiling paraffins, is also useful. Compounds 
which are exceedingly soluble in benzene and ether 
often crystallise well from petroleum. 

Glacial Acetic Acid. — A valuable solvent, and the 
fact that it dissolves such substances as chromic acid, 
nitric acid, and bromine, while it is not attacked by 
them, renders it a particularly useful medium for the 
moderate application of these reagents to organic 
compounds. 

Ether. — From its low boiling-point, and from its 
having no chemical action on most organic compounds 
ether is especially valuable as a solvent. It has the 
advantage of dissolving a very large number of sub- 
stances which are indifferently soluble in other liquids. 

Chloroform, Carbon disulphide, and Carbon tetra- 
chloride are occasionally used, but are not often re- 
sorted to until the commoner solvents have been tried. 

In particular cases the mineral acids and alkalies are 

B 2 
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made use of, but their employment requires great care 
and judgment, as they often bring about decomposition 
of the substance. 

When a suitable solvent has been found, care must 
be taken in the case of volatile inflammable liquids 
that the solution of the substance is effected in an 
appropriate vessel. In the case of alcohol, benzene, 
ether, &c, it is a good plan to employ a flask attached 
to a condenser, and the flask had better be heated by 
means of a water-bath. (A saucepan answers very 
well ; it should have a piece of cloth at the bottom to 
prevent the flask touching the metal.) See Fig. 1. 



Fig. l. 




Should it be found necessary to use animal/ charcoal 
to remove colouring matter, care must be tasen not to 
add it too suddenly to the hot solution. Tbie solution 
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is cooled down and the purified charcoal added in small 
portions at a time.* 

Very serious accidents may happen through care- 
lessness in this matter; the hot liquid may suddenly 
froth up, and, if inflammable and in proximity to a 
flame, take fire. ' * 

Should an inflammable liquid be employed in effect- 
ing a fractional crystallisation, the mother-liquor had 
better be distilled off to the desired extent ; it is safer 
than evaporating down in a beaker. Of course, in par- 
ticular cases these operations have to be modified. 

Note. — Becovery of Solvents. — Most chemical labora- 
tories where much organic work is done, keep bottles or 
jars for residues, such as alcohol, ether, benzene, &c. 
When these residues have accumulated, they may be 
*' worked up " in an appropriate manner. Their recovery 
offers good practice to a beginner. 

Determination of Melting-point. — The melting-point 
is a very characteristic property of many solid bodies. 
If a substance begins to melt at a certain temperature, 
and does not melt completely at that temperature, 
experience has shown that it is very probably impure. 

In working with compounds of carbon, determinations 
of melting-points are frequently made. In general, a 

* This is prepared by boiling about 1 lb. of freshly ground animal 
charcoal in half a gallon of common hydrochloric acid diluted with 
one gallon of water, for about two hours. The liquid is filtered 
through a linen bag, and the residue washed with hot water till free 
from acid, dried, and ignited to full redness in a closed crucible. It 
is bottled while still warm and kept carefully dry. 
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sharp and constant melting-point is regarded as evidence 
of " individualism " and purity in a compound. 

The determination is made as follows : — Small tubes 
are prepared by heating a piece of scrap . combustion 
tube and drawing it out while hot to a. narrow tube. 
This can be cut up into a number of small tubes about 
3 or 4 inches long, and one end of each tube is to be 
neatly sealed up. These small tubes have thin walls, 
and must be of such internal diameter that an ordinary 
thick pin can easily be introduced into them. A small 
quantity of the substance to be examined (it must be 
quite dry), is placed on a watch-glass and scooped up by 
the wide open part of the tube, when, by gently tap- 
ping the tube, the substance slips down to the bottom, 
where it forms a little column of about £ inch in height. 
The tube is fastened to a thermometer by means of a 
little indiarubber band cut from a piece of tubing. The 
band is placed round the upper part of tbe tube, and 
the lower part of the tube containing the substance is 
placed in contact with the bulb of the thermometer, 
If the capillary tube is very slender it will adhere to 
the side of the thermometer by virtue of the capillarity 
of the liquid in the beaker, and the indiarubber ring 
may then be dispensed with. 

A reference to Fig. 2 will show how the thermo- 
meter and tube are to be arranged. They are sus- 
pended in a beaker containing either water, paraffin- 
wax, or sulphuric acid. A piece of glass rod bent into 
a ring at one end is also provided ; this is to act as 
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stirrer during the process of heating, which is to be 
very gradually conducted. The instant the substance 
melts the temperature indi- pj„_ 2. Fig. 3. 

cated by the thermometer is 
noted. This is the melting- 
point required. 

For substances melting 
above 250° an " air-bath " is 
very convenient. This can 
be formed out of a small 
wide-necked flask and two 
teat-tubes passing one within 
the other (see Fig. 3). 
The melting-point tube is 
fastened to the thermometer by means of a piece of 
thin wire. 

Distillation. — For the purification of volatile liquids 
the process of distillation is used. For this purpose we 
may effect our object by (a) simple distillation, (b) frac- 
tional distillation, (c) steam distillation. As an illustra- 
tion of simple distillation we will take the recovery of a 
solvent, say, benzene. The impure benzene would be 
placed in a retort or flask connected to a condenser, 
and the benzene distilled off by the aid of a water-bath. 

Fractional Distillation. — It is often possible toseparate 
almost completely by a simple distillation two liquids 
occurring together in a mixture, when their boiling- 
points lie widely apart. The more volatile liquid first 
passes over, the temperature suddenly rises, and the 
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Fig. 4. 



Fig. 5, 



higher-boiling liquid distils. It is otherwise when we 
have a liquid consisting of a mixture of bodies boiling 
very near each other. One distillation only effects a 
very imperfect separation ; a portion of the less volatile ' 
liquid is carried over by the vapour of the more volatile 

substance, the temperature rising 
throughout the distillation. In 
order to carry out the separa- 
tion of volatile liquids recourse 
must be had to the process of 
fractional distillation. It will 
be evident that if the vapours 
which rise from a mixture of 
boiling liquids are somewhat 
cooled before reaching the con- 
denser, the less volatile portion 
carried upwards by the vapour 
of the more volatile liquid will 
be partially condensed. If this is allowed to flow back 
to the retort, a greater proportion of the tower-boiling 
liquid will be obtained in the receiver. In order to 
carry out this partial condensation during the process 
of distillation, several forms of apparatus have been 
devised. 

A very effective, and at the same time inexpensive, 
piece of apparatus is that of Hempel, which consists 
of a long glass tube containing glass beads or pieces of 
broken glass. (See Fig. 4.) 

Fig. 5 is the apparatus of Le Bel & Henninger ; it has 
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side tubes, down which the condensed liquid flows. At 
the narrow parte of the tube a, b, e, are fixed small cups 
of wire gauze. Little pools of condensed liquid form 
in these cups, and this liquid washes, so to speak, the 
vapour passing upwards ; in fact, a process of fractionat- 
ing is carried on in these cnps by the ascending vapours. 
In carrying out a fractional distillation, the apparatus 
is to be arranged as in Fig. 6. 



The flask is heated over wire gauze, or, in the case of 
a very volatile liquid, in a water-bath. If wire gauze 
ia employed, the burner should be placed in a deep tin 
basin containing sand, in order to absorb the liquid in 
the event of the flask or retort cracking. 
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The fractionating bulb or tube is fitted with a 
thermometer, the bulb of which is well below the exit- 
tube (see Fig. 6). A number of clean dry flasks or 
bottles, fitted with corks and having blank labels 
attached, are provided for recording the B.P. of the 
fraction. 

In order to indicate the working of this apparatus 
we will take the rectification of a sample of benzene. 

Example. — 200 ccm. of the sample of benzene are 
introduced into an 8 oz. flask, a spiral of platinum wire 
or two or three pieces of broken pipe-clay are added in 
order that the liquid may boil quietly. The flask is 
connected to the condenser by means of the fraction- 
ating apparatus and heat so applied to the retort that 
the distillate drops from the condenser ; it must not be 
allowed to come over in a continuous stream. The 
indications of the thermometer must be carefully noted 
and the distillate between every five or ten degrees (is to 
be collected in a separate vessel. Each of these f ractf ions 
is to be redistilled in proper order. Thus, supposfe we 
have the fractions A, B, C, D, E, F. A would finfet be 
redistilled, all that comes over within a range <pf 5° 
being collected ; B would then be added to the refsidue 
of A in the flask, distillation continued as befolre, C 
would be added to residue of A and B, and so on I until 
we have principally two large fractions, one bailing 
79-82° and the other above 105°. . 

The fraction 79-82°, which is nearly pnre benzen/3, can 
be further purified by freezing, pressing, and redis trilling. 
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Note. — In carrying out the process of distillation 
care should be taken not to employ too great a heating 
medium, as the vapour in the flask gets superheated 
and so causes erroneous thermometric readings. The 
distillation should be conducted in a place as much 
sheltered from currents of air as possible. 

Determination of Boiling-point. — Just as the melting 
point is characteristic of many sjlid compounds, so the 
boiling-point is a very important physical property of 
many liquids. It is determined with sufficient exact- 
ness for ordinary purposes by employing the apparatus 
used for fractional distillation. The temperature noted 
on the themometer when the liquid is boiling is the 
boiling-point. In exact determinations of boiling- 
points, corrections have to be made for the cooling of 
that part of the column of mercury which is not in 
the vapour of the substance. The barometric pressure 
must also be noted. 

Steam Distillation. — It occasionally happens that a 
substance is volatile in a current of steam, and by 
taking advantage of this property a compound can 
often be very readily isolated and obtained in a pure 
condition. In the following programmes it will often 
be adopted, and therefore a description of the apparatus 
employed may be here given. (See Fig. 7.) 

A is a tin or copper can ; it is fitted with a cork and 
two tubes a, I, one (b) conveying steam to the flask B 
and the other (a) passing nearly to the bottom of the can, 
and extending about a yard above the cork. It acts as 
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a kind of safety tuba The flask is connected to the 
condenser by the bent glass ~J"-piece D, which .in 
its turn is connected to the condenser bv the india- 



rubber tube F. The f-piece is closed at one end by 
the cork E ; this cork can be removed when necessary 
and a glass rod inserted to remove any obstruction in 
the condenser. The ~["-pi ece SX1 ^ condensing-tube can 
be made of one piece if desired, but is more liable to 
fracture than if connected as at F by indiarubber tube. 
When operating the flask B with its contents is heated 
on a sand-bath and a gentle current of steam passed in, 
when the volatile substance passes over with the steam 
and is condensed in the usual way. 

Sublimation. — Fig. 8 represents a convenient form 
of apparatus for the sublimation of an organic com- 
pound. A sheet of asbestos cardboard supported on a 
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tripod and having a circular hole cut out for the 
reception of a small porcelain crucible, is covered with 
au inverted, thin, shallow, flat glass basin, on the top 
of which a precisely similar glass dish is placed con- 
taining a little cold water. 

The substance to be sublimed is placed in the 
crucible, which is covered with a circular piece of filter 
paper pierced with pin-holes. (This is to prevent the 
sublimate from dropping back iuto the crucible ; it is 
not shown in the sketch.) One of the flat glass dishes 
is then inverted over the whole, and this again sur- 
mounted by its fellow, containing a little cold water, _ 
which is renewed from time to time as occasion may 
require. A piece of moist bibulous paper placed be- 
tween the two glass dishes greatly 
facilitates condensation. Matters 
being thus arranged the crucible 
is cautiously heated by means of a 
small burner. 

Small quantities of substance 
can often be readily sublimed be- 
tween two watch-glasses ; a cir- 
cular piece of filter paper pierced 
with holes being interposed to pre- 
vent the sublimate falling baek into the lower 
vessel. 

A very moderate temperature suffices for the subli- 
mation of the majority of organic compounds. 

Suhliming-point. — The temperature at which a sub- 
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stance sublimes, called the subliming-point, is sometimes 
an important characteristic, but its value depends very 
much on the manner in which the operation is carried 
out. 

Determination of Specific Gravity. — The determina- 
tion of the specific gravity of an organic body, liquid or 
solid, is often a most valuable indication of its purity 
and identity. 

The specific gravity of a solid or liquid is generally 
referred to water taken as unity. 

For determining the specific gravity of liquids, we 
may employ either a specific gravity bottle or what is 
known as a Sprengel tube. A gravity bottle may easily 
be constructed as follows : — A small glass flask with a 
long neck, constructed from a piece of glass tube by 
means of the blow-pipe, is fitted with a cork (Fig. 9). 
The neck of the flask just above the bulb is narrowed 
by drawing it out in the flame, and a horizontal mark 
m etched or scratched on it with a file. The bottle, 
which should bave a capacity of about 20-30 ccm., 
is thoroughly cleaned and dried ; when quite cold it 
should be very carefully weighed plus the stopper. It 
is then filled up to the mark with the liquid under 
examination ; this can be done by means of a funnel, 
the stem of which is drawn out so as to allow it to pass 
through the constricted neck. The bottle with its 
contents is placed in water and brought to a temperature 
ofl5°-5C. 

Note. — Should the water of the laboratory be higher 
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than this temperature it can be readily cooled down to 
the desired extent, by dissolving in the water a fen 
crystals of sodium thiosulphate or ammonium nitrate. 
After standing in the water for about a quarter to half 
an hour, the liquid in the flask is so adjusted that the 
meniscus coincides with the mark on the neck of the 
flask. The addition of more liquid is made from a 
small pipette with a capillary tube; if some of the 
Fig. 9. Fig. 10. 




liquid has to be removed a small squill of filter paper 
may be used to absorb it. When the adjustment has 
been effected the bottle is removed from the water, 
dried, and allowed to remain a quarter of an hour in 
the balance case and weighed. The bottle is emptied, 
cleaned and dried, and filled as before with cold, 
recently boiled, distilled water. After adjustment at a 
temperature of 15"  5 0. it is again weighed. Neglect- 
ing certain minor corrections, the specific gravity is 
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found by dividing the weight of substance by the 
weight of water. 

A very useful and delicate piece of apparatus is 
Perkin's modification of Sprengel's specific gravity tube. 
This modification is very readily constructed with the 
blow-pipe out of glass tube. It consists (Fig. 10) of a 
(J-tube drawn out at. each end into a fine capillary. 
The ends are bent over as shown, one arm having a 
small bulb blown on it. On this limb just below the 
bulb a mark is scratched. The tube is dried and 
weighed, and the liquid drawn in through the limb b 
until it half fills the bulb on the limb a. The 
apparatus is cooled down in water at 15°, and the 
meniscus adjusted to the mark a by tilting the tube 
until the limb b has a horizontal position. From the 
limb b, the liquid may be absorbed by cautiously 
applying a piece of bibulous paper until it sinks to the 
desired position in the limb a. The tube is then 
dried and weighed, and the operation is repeated with 
distilled water. In the case of volatile liquids little 
caps of glass are placed over the ends of the tube. 

The apparatus is adapted for small quantities of 
liquid as it can be made to hold from 1-10 ccm. or 
more. It is very useful for determining the densities 
of many fixed oils which are solid or semi-solid at the 
ordinary temperature. The determination of the 
density of such substances at the boiling-point of water 
is very convenient for many reasons. The weight of 
the Sprengel tube and that of the water contained in it 
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at 15° • 5 C. being known, the tube should be filled with 
the oil or fat, previously melted if necessary, and sus- 
pended in a beaker of boiling water, and the adjustment 
made in the usual way. When the expansion ceases 
the tube is removed, cooled, wiped, and weighed. The 
weight of the contents divided by the weight of water 
at 15° *5 C, previously known to be contained by the 
tube, will give the density of the oil at the temperature 
of boiling water, water at 15° • 5 C being taken as unity. 
There is no necessity to make any correction for the 
expansion of glass as all the determinations are com- 
parative. 

Collection and Drying of Organic Preparations. — 
Some judgment has to be exercised as to the mode of 
collecting organic preparations from the solutions from 
which they have separated. Certain well crystalline pro- 
ducts can be very conveniently collected in the ordinary 
crystal drainers, or the substance may be collected in a 
funnel, having a glass stopper or marble placed loosely 
in the apex (made still more effective by the addition 
of a little asbestos fibre). 

It more frequently happens, however, that the com- 
pound to be collected is in a finely divided condition, 
not capable of being retained by a loose stopper. A 
more general method for small preparations is to filter 
on paper aided by a " filter pump." 

To carry out this method properly we require some 
good filter-paper and a supply of parchment paper. 
The filter-paper is folded in the usual way, but 

c 
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before placing in the funnel it is fitted with a small 
parchment cone. The mode of fitting this cone is 
as follows : — A small circular piece of parchment 
paper, rendered pliable by just moistening with 
warm water, is pierced with a few holes, and then 
folded up with the filter-paper in the same way as we 
should fold a " double filter." The paper is now 
dropped into a selected funnel (the sides should be 
inclined at an angle of 60°), pressed evenly against the 
sides, and moistened with water or alcohol as the case 
may be. The stem of the funnel is now pushed through 
the caoutchouc cork of the filter -flask, or bottle, the 
substance brought on the funnel, and the pump gently 
started. 

When the parchment cone is properly fitted, it will 
support a filter filled with liquid under a pressure of 
an atmosphere without the paper breaking. After the 
substance has been well drained on the funnel, it may 
be removed with the filter-paper bodily from the funnel 
and opened out on some bibulous paper spread on a 
porous tile, where it may be left to dry spontaneously, 
or placed in the water or air-oven. 

The collection and drying of liquid or oily products 
requires some consideration. For separating two 
liquids of different specific gravities we may employ a 
pipette or a separating funnel. A suitable pipette may 
easily be constructed by the student. A more con- 
venient apparatus, however, for this purpose is the 
separating funnel, which consists of a pear-shaped 
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Fig. 12. 



Fig. 11. 




(Fig. 11) or cylindrical (Fig. 12) glass vessel, furnished 
with a tap below and a stopper at the top. The funnel 
should be cleaned immediately after use, and the tap 
and stopper slightly greased to prevent 
them sticking. The application of the 
funnel for the mere separation of two 
liquids requires no explanation. The 
funnel is, however, often applied to 
other purposes. Suppose that it is 
desired to effect the separation of a 
substance from an aqueous liquid by 
agitation with ether: the former is 
introduced into the funnel, of which it 
should not occupy more than one-third, 
acid or alkali added as may be desired, and then a 
volume of ether about equal to that of the aqueous 
liquid. The stopper is then inserted, the funnel grasped 
in such a manner as to prevent the tap and stopper 
from felling out, and the whole thoroughly shaken 
together for a minute or two, and then set aside. As 
a rule, the contents will readily separate into two 
well-defined layers, the lower of which is aqueous, and 
the upper ethereal. Sometimes separation into layers 
does not readily occur, the liquid remaining apparently 
homogeneous, forming an emulsion. In such a case the 
addition of a little more ether and reagitation generally 
bring about separation. The addition of a few drops 
of alcohol, or, when admissible, strong hydrochloric 
acid, followed by a gentle rotatory motion of the 

c 2 
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liquid, will almost invariably cause prompt separa- 
tion. 

Separation haying taken place, the aqueous layer 
should, if necessary, be run off by the tap into another 
separator, where it can again be agitated with ether. 
The ethereal liquid remaining in the separator can be 
shaken with a fresh quantity of water, made acid or 
alkaline, which is then tapped off as before, and the ether 
further washed by treating it with a little pure water. 
This having in turn been run off to the last drop, the 
ethereal solution can, next be removed by the tap, but 
a better plan is to pour it out of the top of the funnel, 
by which means any contamination by traces of water, 
&c, adhering to the sides of the glass will be avoided. 

The separated ether may be dried by standing over 
fused chloride of calcium or other drying agent. 

Refrigerating Funnel. — It occasionally happens that 
we have to collect a substance melting at a very low 
temperature (see Purification of Benzene, p. 114). A 
very useful piece of apparatus for this purpose is 
described by J. W. Bruhl.* 

Fig. 13 shows how the apparatus is put together. 
B is the funnel made by drawing out a piece of wide 
glass tube, the narrow part being drawn out to a jet ; 
it is fastened to the tube D carrying the glass tap A, 
by fusing before the blow-pipe at/. The tube D passes 
through a cork into the filter-flask E. A is the vessel 
containing the freezing mixture ; an ordinary bottle 
* Ber, Deut. Chem. Geeell., 1889, vol. xxi p. 236. 
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with tbe bottom cut off serves for this purpose. The 
tube a, which can be closed by a clip, is useful for 
miming off melted ice, &c The glass cover C, 
furnished with a calcium chloride tube, and fastened 
to the funnel B by an india- 
rubber band e, is a needful ad- *■ 
junct, where it is necessary to 
freeze a substance out of contact ^' 14 ' 
with air or moisture. The funnel 
is improved and simplified by 
employing a narrower piece of 
tube, which can be closed by an 
india-rubber stopper carrying the 
calcium chloride tube. The 
capacity of the funnel tube is in- 
creased to the desired extent by 
softening and blowing out before 
the blow-pipe (see Fig. 14) B'. 

To use the apparatus the tap h 
is closed, the cone g of platinum 
or asbestos placed in position, and 
the liquid which is to be frozen 
carefully introduced. The funnel is closed, and the 
freezing mixture placed in the outer vessel. 

When properly frozen, the tap & is cautiously opened, 
when any unfrozen liquid drains into the flask E, 
previously rendered vacuous by means of the pump. 
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ANALYSIS. 

Having briefly described some of the more important 
operations involved in the isolation and purification of 
organic compounds, we will now proceed to consider 
the ultimate analysis of such bodies. Notwithstanding 
the vast array of the carbon compounds, the number 
of elements entering into their composition is usually 
very small. The great majority consist of carbon, 
hydrogen, and oxygen only. The members of another 
very large class contain four elements — carbon, hydro- 
gen, oxygen, and nitrogen; others contain chlorine, 
bromine, iodine, or sulphur, whilst a smaller proportion 
contain phosphorus, silicon, or the metals; but these 
are comparatively rare. 

Qualitative Analysis. 

Detection of Carbon and Hydrogen. — The presence of 
these bodies may be demonstrated by mixing the sub- 
stance with recently ignited copper oxide and heating 
to redness in a hard glass tube. The products of com- 
bustion are passed first through a cold, dry tube, and 
then into lime-water. If hydrogen be present it is 
oxidised to water, which condenses in the tube, while 
if carbon be present it is burnt to carbon dioxide, of 
which the presence is shown by the production of 
turbidity in the lime-water. 
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Liquid or volatile substances are conveniently ab- 
sorbed for the purpose of the above experiment by a 
little recently ignited asbestos. 

Detection of Nitrogen. — Many nitrogenous compounds, 
when heated with caustic soda or potash, evolve the 
whole of their nitrogen in the form of ammonia. In 
certain cases, viz. where the nitrogen is contained as 
an oxide, ammonia is not generated by heating with an 
alkali. A general test for nitrogen in an organic com- 
pound is as follows : — A small quantity of the substance 
under examination (if liquid, a small piece of asbestos 
fibre is added to absorb it) is heated with a small pellet 
of sodium contained in a narrow test-tube. A violent 
action usually takes place, accompanied by deposition of 
carbon, whilst the nitrogen and a portion of the carbon 
combine with the sodium, forming sodium cyanide. 
On dissolving the product in water, filtering, and adding 
a few drops of a mixed solution of ferric chloride and 
ferrous sulphate, potassium ferrocyanide is formed. 
The whole is now acidulated with an excess of hydro- 
chloric acid; this dissolves the precipitated oxide of 
iron, which now forms Prussian blue with the ferro- 
cyanide. The presence of very small quantities of 
nitrogen can be ascertained by this method. 

Detection of the Halogens. — These elements may be 
detected by heating the substance in a small hard glass 
tube with a little pure quicklime ; the tube is broken 
by plunging while hot into water, slight excess of 
dilute nitric acid is added to dissolve the lime, the 
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solution is filtered from carbonaceous matter, and the 
filtrate tested with silver nitrate in the usual way. 

Detection of Sulphur and Phosphorus — Sulphur may 
be recognised by heating the substance with a small 
piece of sodium. Sodium sulphide is formed, which on 
treatment with a dilute mineral acid will generate sul- 
phuretted hydrogen. Another method is to heat the 
compound under examination with a mixture of pure 
nitre and dry sodium carbonate. If sulphur is present, 
a sulphate is formed which, after acidulation with 
hydrochloric acid, may be precipitated as barium 
sulphate. 

Phosphorus, when fused with the foregoing mixture, 
is oxidised to phosphoric acid, which can be recognised 
by the ordinary reagents. 

Quantitative Analysis 

Determination of Carbon and Hydrogen. — The prin- 
ciple employed in the detection of carbon and hydrogen 
in organic compounds, that is, the oxidation of the carbon 
to carbon dioxide, and the hydrogen to water by ignition 
with copper oxide or some other body which easily 
parts with its oxygen, is also adopted in the quantitative 
determination of these constituents. In order to obtain 
accurate results, strict attention must he paid to details 
of manipulation. These details can only be obtained 
from actual practice in the laboratory. The following 
suggestions are offered as a guide to the student in this 
branch of analysis. Before proceeding to the deter- 
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mination of the carbon and hydrogen, we must ascertain 
what other constituents are present, as the method 
employed will vary according to the nature and com- 
position of the substance to be examined. 

In ths modem process of combustion the substance 
is burnt in a glass tube with cupric oxide or chromate 
of lead by the aid of a current of air or oxygen. 

We will consider by way of example the combustion 
of a substance containing carbon, hydrogen, and oxygen, 
such as sugar or oxalic acid. 

A combustion furnace. is too well known to need 
description. Various kinds will be found figured in the 
catalogues of the instrument maker. A good form is 
that of Erlenmeyer ; it is sold with special fire-clay tiles 
and trough, but as these are somewhat expensive, a 
commoner tile may be had and the fire-clay trough 
may with advantage be replaced by one of iron. A 
thin layer of asbestos fibre is evenly distributed along 
its entire length to prevent the combustion-tube coming 
in contact with the heated metal. 

Having selected a furnace fitted with a trough, we 
shall require the following additional articles to make 
a combustion by means of this apparatus. 

1. A Piece of Combustion-tube. — This must be of hard 
glass, 4 inches longer than the trough of the furnace, 
and of such internal diameter as to readily admit the 
passage of the little piece of apparatus termed a boat. 
The sharp edges of the tube should be fused in the 
blow-pipe flame, so that two caoutchouc stoppers pierced 
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with holes, may be introduced without being cut or 
torn. 

2. Copper Oxide and Asbestos. — Sufficient granulated 
copper oxide must be provided to fill three-quarters of 
the combustion-tube. Loose plugs of asbestos are 
added to keep the oxide in position. 

3. A Platinum, or Porcelain Booty to contain the sub- 
stance. This should be of such size as to readily pass 
into the combustion-tube. 

4. A "Boat-house" — Two tubes sliding one within the 
other to contain the boat whilst being carried back- 
wards and forwards from the laboratory to the balance 
room. 

5. A Glass Bulb formed by drawing out a piece of 
hard glass tube before the blow-pipe ; it must be of such 
external diameter as to readily pass into the combustion- 
tube. It is placed behind the boat in the combustion- 
tube, and while permitting the passage of the current 
of air or oxygen, tends by constricting the channel to 
prevent the vapour of the substance undergoing 
combustion from subliming back in the tube. 

6. An Apparatus for absorbing! the Water formed during 
Combustion. — This is an important piece of apparatus, 
and one of the best forms is that shown in Fig. 15. It 
is readily made by bending up, and drawing out before 
the blow-pipe a piece of £-inch glass tube. The arm 
containing the bulb is drawn out so as to be slightly 
tapering ; in this form it is readily introduced and with- 
drawn from the caoutchouc stopper of the combustion- 
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tube, and at the same time a well-fitting connection 
may be secured. Before the other arm is drawn out the 
(J-tube is filled to the extent Fi Ig 

indicated with small pieces 
of prepared pumice.* 

In order to prepare the 
tube for use, strong sul- 
phuric acid is sucked in 
through one arm ; it is 
allowed to stand for some 
time and then the excess of 
acid drained off through the 

same arm ; the outside of the tube is wiped and the 
adhering acid expelled from the limb by gently warming 
in the Bunsen flame. Sufficient acid _. 

remains in the tube in contact with 
the pumice to serve for half a dozen 
experiments. Most of the water 
resulting from the combustion 
condenses in the little bulb, from 
which it may be expelled after 
weighing, by tilting the tube, aided 
by a few gentle jerks, or by cauti- 
ously wanning and aspirating. 

7, An Apparatus to absorb Garbon Dioxide. — Of the 
various forms sold for this purpose the one shown in 

* To prepare the pumice for this purpose pieces are selected of 
about the size of large pees. They are digested for some time in a 
small porcelain basin with strong sulphuric acid, drained from excess 
of acid, and then ignited. This treatment destroys carbonates, &o. 
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Fig. 16, and known as G-eissler's, is preferred. It has 
a small additional tube containing broken pieces of 
potassium hydroxide, attached at one end. 

The bulbs are filled to the extent indicated in the 
figure with a strong solution of potassium hydroxide 
(1 part by weight of potash to 2 parts of water). 

The sulphuric acid tube and potash bulbs are stop- 
pered when not in use, by short lengths of narrow 
caoutchouc tube closed at one end by small pieces of 
glass rod. 

8. An Apparatus for drying and removing Moistwre 
and Carbon Dioxide from the Air and from Oxygen. — 
This may be arranged as in Fig. 17, which represents a 
convenient form of apparatus for this purpose, and also 
indicates the manner in which it is connected to the 
combustion-tube, &c. A is a vessel containing water 
supported at about 24 inches above the operation table. 
On opening the screw-clip a water flows into the bottle 
B, containing oxygen, which is conveyed by means of the 
bent tube to the \J or rather Y tubes, C, C, packed to 
the extent indicated with broken pumice. The shanks 
of these tubes pass through caoutchouc stoppers and 
dip, into a strong solution of potash (1 part potash 
2 parts water) and C into concentrated sulphuric acid. 
Before connecting the apparatus to the combustion-tube 
the stoppers at e e' and d d' (short lengths of caoutchouc 
tube stoppered with glass rod) are removed, when on 
applying a gentle pressure from the lips at dd' the 
liquids are forced up into the tubes containing the 
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pumice. On removing the pressure the liquids flow 
back into their receptacles. The stoppers are securely 
replaced and the connection completed. 

The small conical flask D, containing a little of the 
potash solution, serves to regulate the supply of air or 
oxygen by indicating the speed with which the gas 
travels through the apparatus, this being controlled by 
the screw-clip b. 

The little tube E contains a few fragments of pumice 
saturated with concentrated sulphuric acid; one arm 
of this tube passes directly through the caoutchouc 
stopper of the combustion-tube. Its adoption ensures 
a most perfect desiccation of the air or oxygen. The 
arrangement of the rest of the combustion apparatus 
requires little or no explanation. F is the little glass 
bulb to prevent backward sublimation, G is the " boat," 
H represents the cupric oxide kept in position by loose 
plugs of asbestos, I shows the attachment of the 
apparatus for absorbing the water resulting from 
the combustion of the substance. This apparatus 
is connected with the potash bulbs J by means 
of a piece of narrow bore thick-walled caoutchouc 
tube. 

The Process. — When everything is arranged, heat 
the combustion- tube to low redness, having previously 
removed the boat and glass bulb ; detach the caoutchouc 
tube at b, and connect the aspirator to the other end 
of the combustion-tube, when a slow current of dry air 
may be drawn over the copper oxide to expel hygro- 
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scopic moisture, and burn any organic impurity. While 
the tube is being heated, weigh the potash bulbs and 
sulphuric acid tube without their caoutchouc stoppers. 

When you have determined their weight, replace 
the stoppers. In about thirty minutes turn out the 
flames underneath that part of the combustion-tube 
not containing the copper oxide, and allow to cool down 
in the current of dry air. Now adapt the weighed 
sulphuric acid tube to the combustion-tube by means 
of the caoutchouc stopper (having previously removed 
the aspirator), and connect the potash bulbs by a piece 
of well-fitting caoutchouc tube in the manner repre- 
sented in Fig. 17. In the diagram this caoutchouc 
tube is seen fastened on to the glass arms of the 
absorption-tubes by means of thin wire, but this is 
not necessary if an aspirator is employed, since the 
reduced pressure within the apparatus caused by the 
column of water effectually prevents leakage. Remove 
the stopper and small U"* 11 ^ 6 at further end of the 
combustion-tube, insert the boat containing the weighed 
amount of substance (about 0*2 gram), and then the 
glass bulb. Again fit in the stopper and connect the 
caoutchouc tube b with the bottle containing the 
oxygen. Attach the aspirator to the end of the potash 
bulbs, and cautiously open the stopcock. Now relight 
the last two or three burners at the other end of the 
tube, immediately under the glass bulb, so as to heat 
it gently, and turn on a slow stream of oxygen (about 
a bubble every two seconds suffices at the commence- 
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ment of the process) ; continue to ignite successive 
burners until the boat is approached. Carefully observe 
the movements of the liquid in the potash bulbs, and 
regulate the heat so as to preserve a uniform passage 
of the gas into the bulbs. - 

As soon as the substance in the boat appears to be 
completely charred, increase the heat beneatli the boat 
(by this time the whole of the burners should be 
lighted), and send a slightly brisker current of oxygen 
(about one bubble per second) through the apparatus. 
The carbonaceous matter within the boat gradually burns 
away ; as soon as it has disappeared gradually diminish 
the flames underneath the glass bulb and boat; turn 
on a little more oxygen. After a few minutes, disconnect 
at 6, and by means of the aspirator send a slow current 
of air through the tube, &c, to displace the oxygen. 
In a few minutes detach the potash bulbs and sul- 
phuric acid tube (taking care that in withdrawing the 
latter from the caoutchouc stopper the water which 
has condensed in the small bulb does hot flow out), fit 
in their respective stoppers, wipe them, and after 
standing in the balance room for an hour to cool down, 
reweigh them (without the stoppers). Allow the com- 
bustion-tube to cool gradually; if proper care be 
exercised in this matter, it will serve a great number 
of times. The heat must not be so high as to distort 
the tube. The great majority of organic compounds, 
especially if they contain oxygen, burn with compara- 
tive ease with copper oxide and free oxygen. 
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The entry of the combustion should thus appear in 
the note-book : — 

Analysis of Oxalic Acid (for example). 

Determination of Carbon and Hydrogen. 

Weight of boat + substance 

Weight of boat empty .: 

Substance .. .. = 

Weight of H 2 S0 4 tube (after) 

„ » (before) 

Water = 

Weight of KOH bulbs (after) 

» » (before) 

Carbon dioxide . . = 



From the knowledge that 44 parts of carbon dioxide 
contain 12 parts of carbon, and that 18 parts of water 
contain 2 parts of hydrogen, the student can readily 
calculate the amount of carbon and hydrogen in the 
substance analysed. If the sum of the amounts of 
carbon and hydrogen is equal to the weight of the 
body taken, the substance contains only these elements ; 
if the body contains oxygen in addition, the difference 
indicates the amount of this constituent. 

Analysis of Organic Substances containing Nitrogen. 
— Nitrogenous organic substances when burnt with 
copper oxide, particularly if free oxygen be present, 
are apt to evolve oxides of nitrogen, which condense in 
the sulphuric acid tube and potash bulbs and vitiate 

D 
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the results of the carbon and hydrogen determinations. 
In the combustion of organic substances containing 
nitrogen, it is necessary therefore to introduce some 
substance in the front part of the tube capable of 
decomposing nitroxy - compounds. Metallic copper 
cannot well be employed, as this would quickly become 
oxidised in the current of air or oxygen. The most 
effective agent is metallic silver : a cylinder of silver 
gauze,* about six inches long, rolled on a thin glass 
rod or piece of tobacco pipe, is placed in the anterior 
part of the combustion-tube and kept at a bright red 
heat during the operation. The carbon and hydrogen 
may then be determined in the ordinary way. 

Analysis of Organic Substances containing Sulphur, 
Phosphorus, and the Halogens. — When an organic com- 
pound containing a halogen (chlorine for example), is 
burnt with cupric oxide, cuprous chloride is formed, 
which, being volatile, is carried forward in the stream 
of gas and condenses in the sulphuric acid tube, and 
thus renders the determination of the hydrogen inexact. 
By inserting a roll of silver gauze or a layer of silvered 
pumice in the anterior portion of the tube any chlorine 
would be arrested. 

* In the absence of silver gauze, which is somewhat expensive, 
" silvered pumice " may be employed. Boil some pumioe (broken into 
pieces about the size of an ordinary pea) in strong hydrochloric acid, 
collect in a funnel and wash thoroughly with hot water till free from 
acid ; transfer to a crucible and strongly ignite. Now digest with a 
pasty solution of silver acetate, dry and ignite strongly. Metallic 
silver in a finely divided state is left behind on the pumice, which is 
very effective in breaking up any nitroxy-compound," 
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The determination of carbon and hydrogen in com- 
pounds containing chlorine or bromine is best effected 
by heating with lead chromate. This substance is 
readily made by precipitating a solution of lead acetate 
with potassium chromate, thoroughly washing the 
dense yellow precipitate, drying, heating to redness in 
a covered clay crucible, and coarsely powdering it. The 
combustion is made in the manner already described 
in the case of copper oxide. 

The combustion of organic compounds containing 
sulphur is most accurately made with lead chromate, 
care being taken to maintain the anterior portion of 
the tube, to the extent of 6 or 7 inches, at a very low 
red heat. Under these circumstances no sulphur 
dioxide passes into the absorption apparatus. 

Should the organic substance contain nitrogen in 
addition to sulphur or the halogens, it is only necessary 
to introduce a layer of silvered pumice in the front 
part of the tube ; the carbon and hydrogen may then 
be accurately determined in the usual way. 

Determination of Nitrogen. — Many organic sub- 
stances containing nitrogen, when heated with a caustic 
alkali, give up the whole of their nitrogen in the form 
of ammonia. This reaction constitutes the principle 
of a convenient method for estimating nitrogen in a 
number of organic compounds. 

The following articles are required for this 
method : — 

(a) Combustion-tube. — This should have the form 

d 2 
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seen in Fig. 18 ; it is about 24 inches long, and £ inch 
in internal diameter. 

(6) Soda-Lime. — Heat a sufficient quantity of the 
coarsely powdered substance in a porcelain basin just 
before it is. wanted, and allow it to cool. 

(c) A substance to evolve Carbon Dioxide. — This is 
conveniently prepared by mixing recently ignited 
sodium carbonate with potassium bichromate in mole- 
cular proportions. 

(d) Asbestos. — Ignite a small quantity in the 
Bunsen flame before use. 

(e) A bulbed \J-tube, fitted with caoutchouc stopper 
and bent tube. — On the end of the bent tube is a cork, 
which fits tightly into the combustion- tube. 




Fig. 18. 



The Process. — Introduce a layer of about 4 inches in 
length of the C0 2 -mixture into the posterior end of the 
tube, and afterwards an equal bulk of soda-lime. Weigh 
out about # 2 gram of the substance to be analysed 
into a small dry porcelain mortar, and mix it with a 
small quantity of soda-lime. Bring the mixture with- 
out loss of time into the tube, and rinse out the mortar 
with a fresh portion of soda-lime. Fill up the tube to 
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within two inches of its length with the same, and 
insert a loosely fitting plug of recently ignited asbestos. 
Fit in the cork of the (J^ube, transfer a known volume 
of standard acid to the U' tu be, and add sufficient water 
(if necessary) to fill the bulbs to the extent indicated 
in the figure. Gently tap the combustion-tube on the 
table so as to form a channel for the evolved gases. 
Place the tube in the furnace and gradually heat it 
along its entire length, beginning at the end nearest 
the U" tu bo« The heat must be sufficient to cause a 
steady evolution of gas ; towards the end of the opera- 
tion it should be increased, to break up any cyanides 
which may have been formed. Do not heat the 
extreme end of the tube where the C0 2 -mixture is 
situated until the evolution of the gas has almost 
ceased. When the combustion is at an end and no 
more gas bubbles through the bulbs, cautiously heat 
the C0 2 -mixture. This occasions a brisk current of 
carbon dioxide, which sweeps out all the ammonia 
remaining in the tube. Remove the (J-tube.when the 
evolution of the gas has nearly finished. Transfer the 
liquid to a beaker, wash out the bulbs, and titrate with 
standard alkali, employing methyl orange as indicator. 
If much empyreumatic matter be present in the liquid 
of the bulbs, pour the solution through a moistened 
filter and evaporate the filtrate nearly to dryness with 
excess of platinum tetrachloride. Pour over the pasty 
mass about 25 ccm. of rectified methylated spirit, 
impart a gentle rotatory motion to the contents of the 
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dish in order to facilitate the solution of the excess of 
platinum tetrachloride in the alcohol, pour the clear 
liquid through a filter, and repeat the digestion with 
spirit a third and fourth time. Bring the precipitate 
on to the filter paper and wash the paper carefully until 
the filtrate is absolutely colourless. Transfer the double 
chloride to a weighed platinum crucible and dry it 
slowly; heat the crucible gently to bright redness, and 
weigh the residual platinum. 197*2 parts of platinum 
are equivalent in round numbers to 28 of nitrogen. 
The amount of the nitrogen cannot be calculated from 
the weight of the double salt, since it is apt to con- 
tain considerable quantities of compounds of platinum 
with organic bases. These bases, however, contain 
the same proportion of nitrogen and platinum as the 
ammonio-platinic chloride. By weighing the amount 
of platinum left on ignition, the proportion of the 
nitrogen is therefore readily calculated. 

Estimation of Nitrogen by Volume. — This process is 
applicable to all nitrogenous bodies. The substance 
is burnt by cupric oxide in a tube from which the air 
has previously been removed by a current of carbon 
dioxide or by the aid of a mercury pump. The mixed 
gases resulting from the combustion are passed over 
strongly heated metallic copper, which serves to break 
up any oxides of nitrogen; the remaining gases are 
collected in a measuring tube containing a strong 
solution of caustic potash, which absorbs the carbon 
dioxide : the residual nitrogen is accurately measured, 
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corrected for temperature, barometric pressure, and 
tension of aqueous vapour, and from the known weight 
of a litre of nitrogen under the standard conditions its 
weight is readily calculated. 

To carry out the determination, we require the fol 
lowing apparatus and materials : — 

(a) A piece of strong Combustion Tube, carefully 
cleaned and dry, about 24 inches long, sealed and 
rounded at one end like a test-tube. Sharp edges to 
be rounded in the blow-pipe, so that a caoutchouc 
stopper, pierced with one hole, may be introduced 
without being cut or torn. 

(b) Cupric Oxide. — Strongly heat some clean copper 
scales in a muffle, and when cold coarsely powder in an 
iron mortar ; pass the powder through a sieve of wire 
gauze, to separate the fine portions. When a good 
supply of coarse and fine oxide has accumulated, it is 
reiguited (of course separately) and preserved in stop- 
pered bottles. 

(c) Metallic Copper; prepared by reducing some of 
the coarse granular cupric oxide in a stream of 
hydrogen. 

(d) A substance to evolve Carbon Dioxide. — The mix- 
ture of sodium carbonate and potassium bichromate 
may be employed for this purpose. 

(e) Ignited Asbestos. — This must be kept in a stop- 
pered bottle. 

(f) A Mortar and Pestle. — An agate mortar is pre- 
ferred, but one of the usual kind sold for organic 
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analysis will answer ; it should be about 3£ inches in 
diameter, not too deep, and free from scratches. 

(g) A small Glass or Copper Funnel — This is for in- 
troducing the substance, mixed with fine copper oxide, 
into the combustion-tube. 

(h) A small Feather. — This is for brushing out the 
final particles of copper oxide from the mortar, &c. ; 
the feather is cut down so as to form a moderately 
stiff brush. 

(i) A measuring Tube. — Various kinds of measuring 
tubes will be found described in the catalogues of the 
apparatus dealers. A very useful piece of apparatus 
for collecting and measuring nitrogen is that of Hugo 
Schiff, represented in Fig. 19. 

The burette A, which is fitted with a glass stop- 
cock, contains about 100 ccm. down to the side tube a, 
and stands in a wooden foot, which may be rendered 
more stable by being weighted with lead. At about 
1 \ inches beneath the side tube a is a second tubulus b, 
inclined upwards in the manner seen in the figure. 
Through this tube mercury is poured to a height of 
J inch above the lower opening. The vessel B, holding 
about 150 ccm., is supported by the clamp, and may 
thus be placed at any desired height ; B is connected 
by strong caoutchouc tubing, previously soaked in 
melted paraffin, with the side tube a. B is filled with 
a strong solution of caustic potash of sp. gr. 1*5, pre- 
pared by dissolving potash in an equal weight of water ; 
its neck is closed by a cork pierced with a small hole. 
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On closing the tubulus b with a piece of thick-walled 
caoutchouc tube pinched by a brass clip, and on open- 
ing the stopcock and raising B, the potash solution 

Fig. 19. 



VI* 



JU» 



flows over into the burette and completely fills it. The 
stopcock is now closed, and the vessel B is lowered 
nearly to the foot of the burette ; tbe brass clip may 
then be removed from 6 without the mercury being 
forced out. 

The Process. — Introduce a layer, about 5 inches long, 
of the sodium carbonate and bichromate of potash 
mixture into the combustion-tube. Insert a plug of 
recently ignited asbestos, pushing it down to within 
I inch from the mixture, and afterwards add 2 inches 
of the coarse copper oxide, and then \ inch of the 
fine oxide. Weigh out about - 2 to 0"3 gram of the 
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nitrogenous substance on to a thin layer of fine copper 
oxide, contained in the small mortar provided for this 
purpose, and mix it carefully with an additional quantity 
of the oxide. Transfer the mixture to the tube, by 
means of the fuunel, without loss, and rinse the mortar 
and funnel with fresh portions of the fine oxide, adding 
the rinsings to the tube, employing the feather to brush 
out final particles. Push down a second plug of 
asbestos, and then a layer, about 8 inches in length, of 
coarse copper oxide, and lastly a layer, not less than 
4 inches long, of granular metallic copper. Insert 
another plug of asbestos to keep the copper in position, 
and introduce the caoutchouc stopper provided with 
the bent delivery tube. 

Heat a portion, say the posterior half, of the carbon- 
dioxide mixture, and drive out the air within the tube 
by a brisk current of the gas. At the same time com- 
mence to heat the portion of the tube occupied by the 
metallic copper, including two or three inches of the 
pure cupric oxide. As soon as the escaping gas is free 
from air (which is readily ascertained by allowing a 
quantity to pass into a test-tube filled with potash 
solution, when no bubble should be left), and the 
anterior portion of the tube is well heated, the delivery 
tube of the combustion-tube is then pushed through 6, 
and successive portions of the combustion-tube occupied 
by the mixture of cupric oxide and nitrogenous sub- 
stance are gradually heated, beginning with the part 
nearest to the pure copper oxide. As soon as no further 
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evolution of gas is observed, and the whole length of 
the tube (with the exception of the part occupied by 
the undecomposed carbon dioxide mixture) is at a low 
red heat, heat the remainder, so as to cause an evolu- 
tion of carbon dioxide, by which the nitrogen still 
existing in the tube is expelled. Withdraw the de- 
livery tube from the tubulus and close the latter by 
means of the caoutchouc tube and clip. After allowing 
the gas to remain over the caustic potash solution for 
about an hour to absorb the last traces of carbon dioxide, 
the volume of nitrogen is directly measured, the vessel 
B being raised until the levels of the potash solution 
in both pieces of apparatus are coincident. The nitrogen 
may without sensible error be assumed to be dry. 
After correcting for temperature and pressure its 
weight may be calculated : a litre of nitrogen under 
the standard conditions of temperature and pressure 
weighs 1 • 255 gram. 

Determination of the Halogens in Organic Compounds. 
— A narrow piece of combustion-tube about 12 inches 
long is sealed and rounded at one end like a test-tube. 
A small quantity of coarsely powdered and recently 
burnt lime (previously ascertained to be pure) is intro- 
duced into it, so as to occupy a length of 2^ inches. 
The compound to be analysed, if solid, is weighed out 
into a thin layer of moderately powdered lime contained 
in a small porcelain mortar. The substance is covered 
with a little more lime, carefully mixed by means of 
the pestle, and transferred without loss to the tube ; the 
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mortar and pestle are then rinsed with fresh portions 
of lime, and the tube is filled with coarsely powdered 
lime to within two inches from the open end. Before 
placing the tube in the furnace tap it gently on the 
table in order to leave a channel for the escaping 
gases. The tube is placed in a clean trough, and one 
end of the furnace is so raised that the open end of 
the combustion-tube is about three inches higher than 
the closed end: this allows of the ready escape of 
moisture, &c. 

Commence the operation by heating the anterior 
portion of the tube, and gradually approach the part 
containing the substance as the lime becomes red hot. 
Having lighted all the burners beneath it, continue to 
heat the tube until the whole length is red hot, then 
push the tube slightly forward so that three or four 
inches of the open end may cool down. Turn out all 
the burners, and after a few minutes take the tube from 
the furnace and plunge it gently, while hot, into a little 
cold water contained in a moderately thick beaker. The 
tube cracks and breaks up into small pieces and with 
ordinary care no loss takes place, nor need any danger 
be apprehended. Cool down the contents of the beaker 
and acidify with dilute nitric acid (one part acid, sp. gr. 
1*4, to 2 parts water).* 

* In the estimation of iodine in organic compounds by the fore- 
going process, it is necessary to add an excess of sodium or potassium 
sulphite to the contents of the beaker before acidifying with nitric acid. 
This reduces any iodate which would escape precipitation by silver 
nitrate. 
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An excess of nitric acid is indicated by the change 
of colour of the suspended carbonaceous matter. When 
all the lime is dissolved the precipitate becomes quite 
black. The liquid is filtered, the residue well washed, 
and the filtrate treated with silver nitrate -solution and 
the precipitated silver salt, washed, dried, and weighed. 

Liquids containing chlorine, &c, are weighed out in 
bulbs : after the introduction of a layer of lime about 
2£ inches long, the bulb is allowed to slide down the 
tube, which is then filled up with lime. When about 
half the anterior part of the tube has been heated, 
expel the liquid from the bulb by gently heating the 
tube where the bulb is situated, and conduct the re- 
mainder of the operation as described. 

The combustion of volatile liquids demands great 
care and attention ; the operation must not be hurried, 
or portions will escape uuburut. 

Determination of Sulphur. — Solid substances con- 
taining sulphur may be decomposed by fusion with 
potassium hydroxide and pure potassium nitrate. Place 
a moderate quantity of pure potassium hydroxide in a 
silver dish, add about one-fifth of its weight of potassium 
nitrate, and fuse the mixture. Allow it to cool and add 
to it the weighed quantity of the sulphur compound. 
Heat gently, and stir continually with a silver spatula, 
adding from time to time a small quantity of nitre in 
order to complete the combustion of the carbon. When 
the mass is cold, dissolve it in water, acidify with 
hydrochloric acid, heat to boiling, and precipitate 
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sulphuric acid with barium chloride in the usual 
way. 

Carinas Method. Applicable to the estimation of 
Sulphur and Phosphorus in solid and liquid compounds. 
— Prom 0*2 gram to 0*3 gram of the substance is 
weighed out into a thin glass bulb or small test-tube 
according to the nature of the body dealt with. The 
bulb or small tube is brought into a tube of hard glass of 
about £ °f » n i n ch in internal diameter, sealed and 
rounded at one end like a test-tube, together with from 
30 to 60 times its weight of nitric acid of sp. gr. 1 • 2. 

Note. — The tube must not be more than half filled 
with the liquid. The open end of the tube is now 
cautiously warmed to expel adhering acid, and then 
softened in the blow-pipe flame at about an inch from 
the end ; when the softened glass has sufficiently 
thickened it is drawn out into a thick-walled capillary 
tube, which is carefully sealed. If the substance is 
contained in a bulb this may be broken by shaking it 
smartly against the ends of the tube. Heat the tube 
to 120-1 50° for some hours in the air-bath. Allow the 
bath to cool before withdrawing the tube, wrap it in a 
towel, and cautiously warm the point so as to expel the 
liquid which collects in the capillary tube. Soften the 
end in the blow-pipe flame, the enclosed gases will 
force their way through the softened glass. Care- 
fully examine the tube, and if you have reason to 
believe that the oxidation is incomplete, reseal the 
tube and heat it to 180° for an hour or so. Allow it to 
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cool, and open with the same precautions as before. If 
no more gas escapes the operation is finished. Cut off 
the end of the tube, rinse its contents into a beaker, 
dilute with water, and, in the case of sulphur, add 
barium chloride. In the case of phosphorus, add 
ammonia, ammonium chloride, and magnesia mixture, 
and convert the precipitate by ignition into magnesium 
pyrophosphate. 

Determination of Molecular Weight. — The most 
satisfactory determinations are those in which the 
compound is volatilised at a temperature well above its 
boiling-point and the specific gravity of its vapour, i. e. 
its vapour density referred to hydrogen as unity. The 
vapour density when doubled gives the molecular 
weight in accordance with Avogadro's law. 

The various methods for determining the specific 
gravity of vapours are assumed to have been described 
in the course on inorganic chemistry, which the student 
should have followed before beginning the study of 
organic chemistry. It may, however, here be stated that 
the method of Victor . Meyer, being simpler and more 
rapid in practice, is now almost universally employed. 
It involves the use of the apparatus shown in the sketch 
(Fig. 20). The long glass bulb-tube is corked at the 
top, near to which point a side tube is sealed, which 
serves to deliver gas to the measuring tube full of 
water and standing in the little trough. The bulb- 
tube is full of air, which is heated to a constant 
temperature well above the boiling-point of the 
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substances whose Yapour density is to be determined. 
This is accomplished, in the case of a liquid which 
boils below 100°, by immersing the bulb-tube in a 
steam bath obtained by boiling 
% ' water or other suitable liquid 

in the large outer vessel. As 
the air expands on heating, it 
is allowed to escape without 
passing into the measuring 
tube. As soon as the tem- 
perature becomes constant, as 
indicated by no further ex- 
pansion of the air taking place, 
the cork is removed from the 
bulb-tube, a weighed quantity 
of the substance (0 • 1 to 0'2 
gram) contained in a small 
bulb or tube is dropped in* 
the cork quickly replaced — 
the time occupied in doing this is so short that no serious 
error from diffusion arises — and the graduated cylinder 
filled with water is placed over the orifice of the gas 
delivery tube. The substance is quickly converted into 
vapour, which latter expels its own volume of air into 
the measuring vessel. When no more bubbles collect 
in the graduated cylinder it is removed to a larger 

* In practice the glass bnlb or tube containing the substance is 
allowed to drop on to a cushion of asbestos or glass wool, arranged at 
the bottom of the bulb-flask ; this avoids risk of fracture. 
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cylinder filled with water, the internal and external 

liquids brought to the same level, and after a time the 

volume of the air (V) read off. The temperature (t), 

indicated by a thermometer whose bulb is placed about 

half way up and close to the measuring cylinder, and 

the height of the barometer (B), are at the same time 

observed ; then if S = weight of substance employed, 

and w the tension of water vapour at the temperature 

t, the vapour density of the substance may be found 

from the following equation : — 

~ , .. S (1 + 0-003665 x 587780 
Vapour density = — * (B-ic) V ' 

This value, when multiplied by 14 • 47, is the vapour 
density of the compound in terms of hydrogen. 

When the compound is an acid and its basicity is 
known, its silver salt is prepared and the percentage of 
silver determined in it. If the acid be monobasic, 
then whatever weight of the compound is united with 
108 parts of silver is the molecular weight less one 
atom of hydrogen replaced by silver. 

In a similar manner the potassium, sodium, barium, 
lead, or other salts may be employed. 

In the case of basic compounds, such as ethylamine, 
aniline, &c, either the amount of substai ce combined 
with one or more molecules of an acid is determined 
by analysis, e. g. the hydrochloric acid in the hydro- 
chloride of the base, or the amount of platinum con- 
tained in the double salt which many of the hydro- 
chlorides of bases form with platinic chloride. 

E 
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Determination of Molecular Weight by observation 
of the depression of Freezing-point. — The method of 
fixing the molecular formula of a substance by deter- 
mining its vapour density is only applicable to a 
comparatively limited extent, as many substances 
cannot be volatilised without undergoing decomposi- 
tion. The method of determining this value by the 
analysis of salts or double salts, as previously explained, 
is also inapplicable in the case of compounds which have 
neither acid nor basic properties. In such cases the 
probable molecular formula can only be ascertained by 
a careful study of the chemical and physical properties 
of the compound, and a careful investigation of a 
number of its derivatives. This naturally is not very 
satisfactory, but till recently no other means was at the 
disposal of the chemist. 

The following method is due to Baoult, and is the 
outcome of some elaborate investigations on the " Law 
of the sodification of solvents." * 

Saoult has shown that the depression of the freezing 
point of a solvent, caused by the presence of a liquid 
or solid in solution, is directly proportional to the 
amount of substance dissolved, and inversely propor- 
tional to its molecular weight. 

Thus, let d = depression in degrees C, a = amount 
in grains of substance of molecular weight M, dissolved 
in 100 grams of solvent, and R = a constant called the 

* ' Annales de Chime et de Physique,' 1884-86. 
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"molecular reduction" (to be determined for each 
solvent). Then 

d = R «• 
M 

Consequently 

TIT R <* 

a 

R may also be calculated from Van't Hoffs equation — 

, 0-02T 

(where T = freezfng-point of solvent on the absolute 
scale, and L = latent heat of fusion). 

In carrying out the operation, any liquid may be 
used as a solvent provided that it is capable of solidify- 
ing at a definite temperature and exerts no chemical 
action on the substance. It suffices merelv to know 
the value of R for that particular solvent and for 
certain groups of bodies analogous to the one under 
experiment. 

The solvents recommended by Raoult are water, 

acetic acid, and benzene. The respective values of R 

for these solvents with organic compounds (with few 

exceptions) are as follows : — 

R 

Water 19 

Acetic acid . . . .39 

Benzene . . . ,49 

The accompanying diagram shows a convenient form 
of apparatus for this operation (Fig. 21). 

e 2 
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A large test-tube, widened out at the lower end, is 
closed by a caoutchouc stopper, A, perforated with two 
holes. Through one of these a 
Fig- 21. piece of wide glass tubing, B, 

passes, in which a Btirrer, CC, 
moves freely up and down. The 
thermometer, D, graduated to -foth 
of a degree C. and observed through 
a telescope, serves to show the 
temperature of the liquid, while, 
by Burrounding the tube with a 
beaker, F, with iee-water, &e., as 
required, the temperature may be 
raised a few degrees above, or de- 
pressed a few degrees below, the 
freezing-point of the solvent. 
• The Process. — A quantity of the 
solvent sufficient to fill the tube to 
the extent indicated by the dotted 
line is weighed out — it suffices to weigh to a tenth of a 
gram — the caoutchouc stopper, carrying the thermo- 
meter and stirrer insetted, and the tube immersed in 
the outer vessel containing the freezing medium. Near 
the solidifying point, the column of mercury first sinks 
slightly, then subsequently a sensible rise takes place ; 
the mercury remains stationary for at least one 
minute, and then slowly sinks. This highest point of 
the thermometer Baoult regards as the true solidifying 
or freezing-point of the solution. During the whole 
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operation the solution must be kept well agitated by 
means of the stirrer. After the highest point has been 
noted, the test-tube is removed from the beaker and 
the contents completely melted by the aid of the water 
bath. The tube is again submitted to the freezing 
medium and the solidification point of the solvent re- 
determined. Tho two readings should agree ; if not, 
the operation must be repeated. The. contents of the 
tube are now melted, the caoutchouc stopper momen- 
tarily withdrawn, and a weighed quantity of the 
substance contained in a small tube or bulb introduced 
(thin glass bulbs of the form shown are readily broken 
by means of the stirrer). When completely dissolved 
the freezing point of the solution is determined as 
before. (It is sometimes necessary to induce solidifica- 
tion by introducing a small crystal of the pure solvent, 
previously frozen in a separate vessel.) 

It will be found that the introduction of the substance 
has lowered or depressed the freezing-point of the 
solvent. From this depression we calculate the mole- 
cular weight in accordance witli the foregoing equation. 

Example. — The following results were obtained with 
naphthalene Ci H 8 , dissolved in glacial acetic acid 
(R = 39). 

Weight of solvent = 101 • grams. Weight of sub- 
stance = 1*7865 grams. 

Freezing-point of solvent (3 exps.) . . 16° • 100 
„ „ „ + substance 15° '595 

Depres ion = 0° • 505 
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The depression so obtained, calculated for 1 gram 
substance and 100 grams of solvent, becomes, — 

0°-505 x 1 X 101 _ no .oQ« 

"~T7865irr00~ " u z * b > 

and 

M ~ 0°-286 - ldb " 

The true molecular weight of naphthalene is 128. 
This experiment serves to show the degree of accuracy 
that may be expected by this method. The results 
are sufficiently close when the object is merely to 
control the molecular weight of a substance. 



PRACTICAL WORK IN ORGANIC CHEMISTRY. 55 



PROGKAMME I. 

A STUDY OF OXALIC ACID AND ITS REACTIONS. 

Preparation of Oxalic Acid. — Into a 30-40 oz. flask put 
100 grams of lump sugar broken into coarse fragments ; 
now introduce half a litre of nitric acid, sp. gr. 1 • 30 ; 
place the flask on wire gauze, and apply a gentle heat 
until the reaction begins. A small funnel is placed in 
the neck of the flask to prevent projection of the acid by 
spirting. As soon as the reaction commences withdraw 
the flame, when the oxidation will proceed with some 
violence, accompanied by a copious evolution of red 

4 

fumes. It is occasionally necessary to plunge the flask 
into cold water to moderate the reaction. The operation 
must be conducted under a hood, or in some situation 
where the fumes can cause no inconvenience. After 
the reaction has somewhat slackened, apply a small 
flame and continue to heat gently for an hour or so, 
then set aside in a cool place to crystallise. After 
standing some time, crystals will separate out. These 
are to be collected on a funnel plugged with a small 
glass stopper, allowed to drain, and washed once or 
twice with a small quantity of cold water, to remove 
most of the adhering nitric acid. 

The acid mother-liquor will furnish another crop of 
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crystals on careful evaporation. Recrystallise from 
water the acid thus obtained. After draining well in 
the funnel, transfer to a pad of filter paper. When the 
greater portion of the moisture has been removed, the 
acid is wrapped in a fresh sheet of dry paper, and 
placed under a moderately heavy weight for a few 
hours. 

With the pure substance the following experiments 
have to be performed : — (a) Dissolve a few crystals in 
water, and test the solution with red and blue litmus 
paper. (6) Add a crystal or two of sodium carbonate. 

(c) Heat some in a small test tube with strong sulphuric 
acid, and prove that both oxides of carbon are formed. 

(d) Add a few drops of ammonia, and then a solution 
of calcium chloride. 

The foregoing tests will suffice to show the identity 
of the substance produced by the oxidation of sugar, 
with the oxalic acid of commerce. Oxalic acid can be 
obtained by the action of nitric acid on many organic 
substances, such as starch, cellulose, &c. On the com- 
mercial scale it is manufactured by heating wood 
shavings or sawdust with potassium or sodium hydroxide 
to about 250°. The resulting mass is extracted with 
water, which on evaporation to crystallisation gives the 
potassium or sodium salt of the acid. 

Sublimation of Oxalic Acid. — Commercial oxalic acid 
very often contains mineral matter; this results from 
its mode of preparation. Now the acid, when heated 
to a sufficiently high temperature, sublimes, and ad- 
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vantage is often taken of this fact to obtain a sample 
of the pure substance. The method of carrying out 
this operation on a small scale will readily appear 
from p. 13 (Operations). The acid must be pre- 
viously dried by heating in the water-oven for some 
time. Oxalic acid sublimes without decomposition at 
150-160° C. 

Determination of Water of Crystallisation. — Crystal- 
lised oxalic acid contains water of crystallisation, which 
it loses when maintained at 100° C. for some time. 
Procure two medium sized watch-glasses with ground 
edges ; they must be of the same diameter, and when 
placed one over the other should fit perfectly ; they 
are kept in position by a brass clip. Carefully clean 
the glasses and clip and weigh them, then, keeping the 
clip on the balance pan, weigh into one of the glasses 
about 1 • gram of oxalic acid, transfer to the water-oven, 
and so arrange matters that the watch-glass containing 
the acid is loosely covered with its fellow. (The brass 
clip is kept in the desiccator.) After heating for' an 
hour or so, remove from the oven, clamp together by 
means of the clip, and allow to cool down in the desic- 
cator ; when cold, weigh. The foregoing operation 
must be repeated until the acid no longer loses weight; 
or until the weighings do not differ more than half a 
milligram. Calculate the percentage of loss. 

Preparation of Potassium Salt. — To about 30 grams 
of oxalic acid dissolved in water add a solution of 
potassium carbonate until the acid is neutralised ; filter 
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if necessary, and evaporate to crystallisation ; drain off 
mother-liquor and recrystallise. Collect the crystals in a 
stoppered funnel, drain, and dry between folds of filter 
paper. With the resulting salt determine water of 
crystallisation and potassium. 

To determine the Potassium: — Weigh off about l'O 
gram of the crystallised salt into a platinum crucible. 
Place the crucible on a triangle in a slanting position, 
and add a few drops of strong sulphuric acid ; cautiously 
decompose by the gradual application of heat, great care 
being taken that no loss takes place by spirting. The 
crucible is finally ignited over a Bunsen burner to low 
redness, and the resulting potassium sulphate weighed. 
The crucible is again ignited, and so on until a constant 
weight is obtained. Calculate the percentage of potas- 
sium in the crystallised salt. Calculate also the equiva- 
lent of acid (carbon and oxygen) in the anhydrous salt. 

Preparation of the Calcium Salt. — Dissolve about 
10 grams of oxalic acid in water, neutralise with a little 
ammonia, and then add a solution of calcium chloride, 
collect the precipitate on a filter and wash with cold 
water until the washings are free from chlorine. Dry at 
110°, and determine the calcium as sulphate. This 
operation is conducted as in the foregoing potassium 
(git. Calculate the percentage of calcium, and the 
amoSQt of acid (carbon and oxygen) combined with 
forty parts of the metal. 

Preparation of Ammonium Salt. — Neutralise about 
10 grams of\oxalic acid with ammonium hydroxide, 



\ 

\ 

\ 
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evaporate to crystallisation, and determine the ammonia 

in a sample of the salt carefully dried between filter 

paper. 

To determine the Ammonia: — Weigh off 0"2-0"3 

gmm into a small Wurtz flask furnished with a 

caoutchouc stopper, wash down the sides of the flask 

with a little water, and connect with the condensing 

arrangement shown in Fig. 22. The flask, of about 

200 ccm. capacity, and connected air-tight with the 

N 
condenser, contains 50 ccm. of standard ^j sulphuric or 

nitric acid. The flask also carries the small upright 
tube, containing fragments of broken glass moistened 




with water or a few ccm. of the standard acid. When 
matters are properly arranged, the caoutchouc stopper 
is removed from the Wurtz flask, and a small fragment 
(about half an inch) of solid caustic potash added ; the 
stopper is quickly replaced, and the contents sub- 
mitted to careful distillation. After about half an hour, 
disconnect the apparatus, wash down the condenser 
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and side tube into the flask, and proceed to titrate with 
standard alkali. 

During the preparation and analysis of the fore- 
going salts, the necessary apparatus for estimating the 
carbon and hydrogen in the oxalic acid may be got 
ready. See Analysis, p. 21. 

In particular cases a modification of the programme 
may be here introduced. The oxalic acid can be 
titrated by a standard solution of potassium perman- 
ganate. From the information gained in the analysis 
of the potassium, calcium, and ammonium salts, it will 
readily appear that one atom of oxygen suffices to 
oxidise one molecule of oxalic acid completely into 
carbon dioxide and water — 

C 2 H 2 4 + = 2CO a + H 2 0. 

A standard solution of potassium permanganate is to 
be prepared, and its value determined by the usual 
methods. About • 2 gram of the pure crystallised acid 
is dissolved in a little water, a few ccm. of dilute 
sulphuric acid added, and the permanganate run into 
the solution (warmed up to 60° C.) until a slight 
permanent tint is developed. 

Knowing the amount of oxygen available from each 
ccm. of the permanganate, calculate from your experi- 
ments the quantity of oxygen required for 100 parts of 
the acid. Compare the experimental numbers with 
those demanded by the -foregoing equation. 
. Note. — The water of crystallisation in the crystallised 
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acid is not represented in the equation, as it is not 
concerned in the oxidation, but it must be taken into 
account in the calculations. 

With the standard permanganate we may estimate 
the acid (and also the base) in the salts of oxalic acid. 
A weighed quantity of the salt is digested with dilute 
sulphuric acid, and titrated with the permanganate. 
Determine the amount of acid and base in the fore- 
going potassium and calcium salts. The details of the 
calculations need no explanation. 

Synthesis of Oxalic Acid from Cyanogen:— 

A. Formation of Oxamide. — Into a hard glass tube, 
about 8 inches long by £ inch wide, sealed and rounded at 
one end like a test tube, introduce a sufficient quantity 

Fig. 23. 




of mercuric cyanide * to occupy three-fourths of the 
length of the tube. The cyanide is kept in position by 
a loosely- fitting plug of asbestos. Fit in a cork and 
connect up with glass tube, as in Fig. 23. The three 

* Instead of mercuric cyanide, a mixture of two parts of thoroughly 
dried potassium ferrocyanide and three of merjouric chloride may be 
employed. 
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small flasks contain strong hydrochloric acid. Gently 
tap the tube on the table so as to make a passage for 
the evolved gases. Place the tube in a small furnace, 
and gradually heat it along its entire length, beginning 
at the end nearest the flasks. The heat must be 
sufficient to cause a steady evolution of gas, which 
bubbles through the acid in the flasks. 

Hg(CN) 2 = Hg + (CN) 2 . 

When the evolution of gas is finished, the apparatus 
is disconnected at A (note the residue in the tube), and 
the flasks allowed to stand in a cool place for a few 
hours. A beautiful white crystaline compound will 
gradually separate out. This substance is called 
u Oxamide," and its formation from cyanogen may be 
expressed by the following equation : — 

C 2 N 2 + 2H 2 = C 2 2 (NH 2 ) 2 . . 

Pour off the acid and wash the oxamide on a filter with 
cold water until free from acid. Dry in the air-oven. 
With portions of the product thus obtained make the 
following experiments, (a) Examine the substance 
for carbon, hydrogen, and nitrogen, (b) Test its solu- 
bility in water and alcohol, (c) Ascertain what happens 
when heated. Determine quantitatively the carbon, 
hydrogen, and nitrogen in a sample of the oxamide. 

B. Conversion of Oxamide into Oxalic Acid. — Place 
some oxamide in a small flask with a little water; 
heat, and add a few drops of potassium hydroxide. — 
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What gas is given off? When the oxamide has dis- 
solved, evaporate the solution to crystallisation, and 
compare the crystals by the aid of a powerful lens or 
microscope with those obtained by adding potassium 
carbonate to oxalic acid (p. 57). 

On applying the usual tests for an oxaliate, the pro- 
duct obtained by the action of potash on oxamide will 
be found to be identical with ordinary potassium 
oxalate. 

The conversion of oxamide into ammonium oxalate 
may also be effected by heating with water in a sealed 
tube to 200° C. 

C 2 2 (NH 2 ) 2 + 2H 2 = C 2 4 (NH 4 ) 2 . 

Preparation of Ethyl Oxalate C 2 4 (C 2 H 5 ) 2 . — Method I. 
— Mix 80 com. of strong alcohol with 80 ccm. of con- 
centrated sulphuric acid, employing for this operation 
the apparatus described on page 77. When cold, pour 
on to 40 grams of potassium oxalate contained in a 
Wurtz flask attached to a condenser; mix well, and 
distil over about one-third ; return this to the distilling 
flask and again distil, changing the receiver when about 
one-third has distilled over. The distillation must be 
pushed almost to dryness. The first distillate consists 
of water, alcohol, and a small quantity of ethyl oxalate. 
To this solution add a little concentrated aqueous 
ammonia, when oxamide will separate out in the form 
of a white crystalline powder. 

C 2 4 (C 2 H 5 ) 2 + 2NH 3 = C 2 2 (NH 2 ) 2 + 2C 2 H 6 OH. 
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The second part of the distillate is, washed with a 
little water containing a small quantity of sodium 
carbonate to remove acid, separated from the aqueous 
liquid, dried over CaCl a , and distilled from a small 
Wurtz flask furnished with a thermometer. Pure 
ethyl oxalate boils at 186°; sp. gr., 1*082. 

Method II. — To about 50 ccm. of absolute alcohol 
add 30 grams of oxalic acid dehydrated at 100° ; warm 
gently so as to dissolve most of the acid, and into the 
warm solution pass a current of dry hydrogen chloride. 
The operation is most conveniently conducted in a 
tubulated retort to the neck of which is attached a 
reflux condenser. When the oxalic acid has disappeared, 
continue to pass the gas for some time and then allow 
the mixture to stand for some hours. Rearrange the 
apparatus for distillation and distil off (from a water 
bath) about a third of the volume. This portion, when 
treated with ammonia, will furnish a small quantity of 
oxamide. The residue in the retort is poured into 
water containing a little sodium carbonate, when the 
ethyl oxalate will separate out in oily droplets, which 
can be separated from the aqueous liquid and dried 
over calcium chloride, or may be converted into oxamide 
by treatment with ammonia. 

Note. — The samples of oxamide accumulating in the 
preparation of ethyl oxalate must be carefully examined 
and compared with the specimen prepared by the action 
of hydrochloric acid on cyanogen. 

Action of Phosphorus Pentoxide on Oxamide. — Place 
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two or three grams of dry oxamide in a test tube fitted 
with a cork and delivery tube ; cover the oxamide with 
a thick layer of P 2 6 ; heat gently, and collect the gas 
given off in a small test-tube over mercury. The gas 
is inflammable, burning with a purple flame which will 
be recognised as cyanogen. 

Note to Student. — What change has the phosphoric 
anhydride effected ? 

Preparation of Formic Acid, H-COOH. — 100 grams 
of ordinary crystallised oxalic acid and 1 00 grams of 
commercial glycerol (glycerine) dehydrated at 175° 0. 
are heated in a retort of 1J litre capacity, placed in a 
brine bath, and provided with condenser and receiver. 
At about 80° to 90° a brisk reaction begins, carbon 
dioxide is evolved, and aqueous formic acid distils. When 
the temperature has been maintained for some time at 
90° to 105° and the evolution of carbonic anhydride has 
nearly ceased, the contents of the retort are cooled to 
almost 80° and a further quantity of 100 grams of 
oxalic acid added. The reaction recommences with the 
formation of more aqueous formic acid. A quantity 
of formic acid remains in the retort as glycerol mono- 
formin. 

C 3 H 6 (OH) 3 + C 2 H 2 4 = C 3H 5 [) c(^h + C ° 2 + H * a 

Glycerol monoformin 

In order to recover this formic acid, the contents of the 
retort are diluted with about half a litre of hot water 

F 
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and distilled iu a brisk current of steam until the dis- 
tillate has only a faintly acid reaction, 

r it (° H )' 

Cs "» O.COH " 



On neutralising the united acid distillates by boiling 
with excess of copper carbonate and concentrating 
the filtered solution, the copper salt of formic acid 
is obtained in large bright blue monoclinic prisms. 
From the salt we may obtain the anhydrous acid by 
decomposing with sulphuretted hydrogen, A portion 
of the powdered salt, well dried at 100-110°, is intro- 
duce! in a long layer into the inner tube (as wide in 
the bore as possible) of a condenser loosely stoppered 
at the lower end by a plug of glass-wool or asbestos. 
To the end of the condenser a receiver is attached, 
which is guarded from moisture by a drying tube. The 
salt is heated by passing steam into the outer tube of the 
condenser. Sulphuretted hydrogen, washed and dried 
by passing first through water and then concentrated 
sulphuric acid, is passed over the salt in not too rapid 
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a stream. The arrangement of the apparatus is shown 
in Fig. 24. The copper formate blackens and is slowly 
converted into copper sulphide and formic acid, the 
latter flowing down into the receiver. The acid, which 
retains a strong smell of SH 2 , is further purified by 
a second distillation over dry copper formate. 

Formic acid when pure boils at 99° C. ; it has the 
specific^ gravity 1*223 at 0°, and solidifies below 0° C. 
to colourless plates, melting at 8° • 6 0. 



F 2 
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PKOGRAMME II. 

ETHYL ALCOHOL AND ITS REACTIONS. 

Preparation of Alcohol from Malt — Procure about two 
quarts of recently crushed and freshly malted barley, 
and mix with about 50 grams of powdered starch. 
SStir up this mixture with cold water in a large 
evaporating dish until a thin cream is formed. Now 
place the dish on a sand-bath and apply a gentle heat, 
which is to be so regulated that a temperature of 
65-70° C. may be maintained for some time. With- 
draw a few drops of the extract at intervals by means 
of a pipette, and test with a dilute solution of iodine. 

Note that the colour produced changes as the heating 
proceeds until the liquid no longer causes a blue tint 
with iodine, and only affords a reddish brown coloura- 
tion. The diastase present in the malt, has converted 
the starch into dextrine and a fermentable sugar termed 
maltose, 

3C 6 H 10 O 6 + H 2 = C 12 H 2 20 U + C 6 H 10 O 6 . 

Maltose. Dextrine. 

When this conversion is complete, the solution is no 
longer coloured by iodine; but a few drops when 
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warmed with alkaline copper tartrate solution* cause 
a precipitate of cuprous oxide, Cu t O. (Fehling'a teBt) 
The solution in the basin (" sweet wort ") is now 
strained off, the filtrate being received in a large flask. 
When the contents of the flask have cooled down to 
30° C. add a little fresh brewer's yeast or " barm," and 
mix thoroughly. Pit a cork, carrying a thermometer 
and a gas delivery tube, to the flask, and let the tube 
dip under the surface of some clear lime water con- 
tained in a cylinder, and protect the latter from the 



air by means of a tnbe containing caustic potash 
(Fig. 25). Let the whole stand in a warm place so 
that the contents of the flask may be maintained at a 
temperature of about 25" C. 

• Prepared by adding tartaric acid to a solution of copper sul- 
phate and rendering strongly alkaline by caustic soda. A clear blue 
solution is obtained if anfflcient tartaric aoid be added. 
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After some time the process of fermentation com- 
mences, the mixture develops a frothy "head," and 
much gas is evolved, and, as this passes through the 
lime water, a precipitate of calcium carbonate will be 
formed. 

The evolution of gas ceases after some hours, and 
fermentation is at an end. Now, observe that the 
contents of the flask are rather more turbid than they 
were at first ; in other words, the quantity of yeast has 
increased during the process of fermentation. 

Connect the flask which contains the fermented 
liquid with a condenser, and rapidly distil over about 
one-third the total volume of liquid. The unpleasant 
smelling distillate contains the alcohol formed during 
the process of fermentation. 

The dilute spirit obtained in this experiment may be 
concentrated by redistillation. Place the distillate 
obtained as above in a small flask, add a few drops of 
caustic potash (to neutralise any acid formed during 
fermentation), and distil over quickly about half the 
total volume of liquid. 

In order to detect the alcohol, warm a small quan- 
tity of the distillate in a test tube and apply a light to 
the escaping vapour. To about 30 ccm. of the distil- 
late add 4 or 5 drops of a dilute solution of potassium 
bichromate and then a few drops of sulphuric acid, and 
warm gently. Note appearance and odour produced. 
(See " Preparation of Aldehyde," p. 85). 

A good way to detect alcohol in a dilute solution is 
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as follows : — Warm the solution to be tested, add a 
small crystal of iodine and then a solution of caustic 
potash until the colour is destroyed. On cooling a 
yellow crystalline powder of iodoform, CHI 3 , is de- 
posited, having a very characteristic appearance and 
odour. 

The production of alcohol and carbon dioxide from 
maltose during fermentation may be represented as 
follows : — 

C 12 H 22 O n + H 2 = 4C 2 H 6 + 4C0 2 . 



Purification of Alcohol. 

The dilute spirit prepared in the foregoing experi- 
ment owes its unpleasant smell to a small proportion 
of a liquid termed " fusel oil " ; it also contains many 
other impurities. The quantity of alcohol obtained 
is usually too small to attempt a complete purification ; 
it may, however, be shaken up with a little recently 
ignited charcoal, decanted off, allowed to stand over 
quicklime, and then distilled from a water-bath. By 
this treatment it will be found to have lost much of its 
bad odour and to have increased in strength. This 
latter can be tested by taking its specific gravity and 
reference to tables. 

Separation of Water from Alcohol hy Fractional 
Distillation. — Mix 100 ccm. of strong alcohol, of known 
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specific gravity and boiling point, with 100 ccm. of 
distilled water. 

Note to Student. — What happens when the liquids 
are mixed? Determine the specific gravity of the 
mixture by means of the "gravity bottle" and, employ- 
ing a dephlegmating apparatus, proceed to fractionally 
distil, carrying out the operation as indicated on p. 9. 

Measure the various fractions obtained, and determine 
the percentage of alcohol in the principal ones. The 
strongest spirit obtained by fractional distillation still 
contains 8-10 per cent, of water. To obtain a 
stronger spirit the principal fractions are poured 
into a flask containing small lumps of fresh quicklime 
and allowed to stand over the lime for about 24 
hours ; the dehydrated liquid is then distilled off with 
the aid of a water-bath. The first few ccm. are 
collected apart; the rest of the liquid which distils over 
may then be preserved as a specimen of nearly anhy- 
drous (its specific gravity should be recorded on the 
label) alcohol. 

Purification of Methylated Spirit — This useful sub- 
stance is a mixture of about 90 parts ethyl alcohol and 
10 parts crude methyl alcohol (wood spirit) ; in addition 
it contains water, " fusel oil," acetaldehyde and acetone. 
It may be freed from aldehyde and acetone by boiling 
with 4-5 per cent, of solid potash on the water-bath in a 
flask fitted with an upright condenser for an hour or two, 
and then distilling. The alkali converts the aldehyde 
and acetone into resinous bodies, so that after distilla- 
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tion it contains little besides methyl and ethyl alcohols. 
The spirit may be dehydrated by allowing it to stand 
oyer quicklime for 24 hours and then distilling. By 
repeated treatment with good quicklime, and subsequent 
distillation, all but a trace of water may be removed ; 
such spirit is said to be " absolute." Methylated spirit, 
purified as described, may generally replace the more 
expensive ethyl alcohol as a solvent. 

The presence of water in alcohol may be shown by 
agitating a sample with a little anhydrous copper 
sulphate, when the salt will become blue if a notable 
quantity of water be present. 

A more delicate test is to add a crystal of potassium 
permanganate; the formation of a pink colouration 
indicates water. 

It may here be added that an excellent process for 
the complete dehydration of alcohol consists in allowing 
the spirit, after distilling from lime, to stand over some 
anhydrous oxide of barium (BaO) contained in a 
stoppered bottle ;. after the latter has removed all the 
water, the dry alcohol then dissolves some of the oxide, 
the solution acquiring a yellow colour; it is then 
distilled. 

Note to Student. — Great care has to be exercised in 
the selection of a dehydrant. Many substances having 
an affinity for water cannot be used for drying alcohol ; 
zinc chloride, calcium chloride, &c, are not suitable, 
inasmuch as they either combine to form alcoholates or 
effect decomposition. 
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Separation of Fusel OH from Ethyl Alcohol. — Redistil 
from a Wurtz flask fitted with a thermometer, about 
200 ccm. of the purified " absolute " methylated spirit 
which you have prepared in a former operation. Mix 
150 ccm. of the distillate, which will be found to boil 
near 80° 0., and for the purpose of this experiment 
may be regarded as ethyl alcohol, with 50 ccm. of 
"fusel oil," or amyl alcohol, of which you have 
previously determined the boiling point (it will lie 
somewhere near 130° C.) Pour the mixture into a 
flask of 400 or 500 ccm. capacity, introduce a few 
pieces of broken tobacco pipe or scrap platinum foil 
(to prevent "bumping"), insert cork with fractionating 
column and thermometer, and proceed to fractionate, 
employing a small "rose" burner, and so regulate the 
flame that steady and continuous, but not violent, 
ebullition shall be maintained. Collect in bottles or 
flasks having blank labels, three or four fractions of 
about 50 ccm. each, marking them " No. 1 fraction," &c. 
Be careful to record temperatures. The degree of 
separation effected by the distillation can be roughly 
tested by treating the various fractions with water. 
Put about 5 ccm. of each fraction into separate test 
tubes, add about 25 ccm. of water to each, and mix 
thoroughly. State in note-book the result of each 
experiment. 

Determination of Alcohol by Distillation. — Into a tared 
flask which can be connected air-tight to a condenser, 
weigh about 50 grams of the sample to be tested (beer, 
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wine, &c), neutralise any free acid by cautious addition 
of sodium hydroxide solution, sufficient being added to 
impart a slightly alkaline reaction. Now add about 
O'l gram tannin (to prevent frothing) and make up the 
liquid with water to about 150 ccm. Connect flask to 
* condenser, and distil by a gentle heat, collecting the 



Fig. 26. 




distillate in a tared flask of about 150 ccm. capacity, 
furnished with an india-rubber stopper pierced with 
two holes through one of which passes the end of the 
condensing tube, while the other carries a safety tube 
or funnel, closed by mercury (see Fig. 26). The retort 
and receiver are thus connected air-tight with the 
condenser, a certain contraction and expansion of the 
contained air is permitted, while all loss is prevented. 
When the distillate has a volume of about 100 ccm. 
the operation is arrested, and the receiver with its con- 
tents carefully weighed. Now thoroughly mix the 
contents, cool to 15° -5 0. (= 60° F.), and determine 
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the density by specific gravity bottle. Kefer to 
alcohol tables for corresponding percentage of alcohol, 
when 

Weight of distillate x percentage of alcohol found in distillate by table 

Weight of sample taken. 

= percentage of absolute alcohol by weight contained 
in the sample. 

Action op Eeagents on Alcohol. 

Action of Sodium, 

Preparation of Sodium Ethylate, C 2 H 6 ONa. — Into 
a small flask containing about 10 ccm. of absolute 
alcohol throw a small pellet of clean sodium (note what 
happens), continue the addition of sodium until it no 
longer dissolves. (What gas is given off?) Apply 
gentle heat to effect solution of last particle of metal 
and distil off excess of alcohol. When dry, heat gently 
in a current of hydrogen, and preserve in a stoppered 
bottle.. 

Note. — Potassium acts on alcohol in the same way 
as sodium. 

Action of Sulphuric Acid at different Temperatures. 

Preparation of Potassium Ethyl Sulphate, C 2 H 6 KS0 4 . 
— To 200 grams cone, sulphuric acid, contained in a 
beaker or small earthenware jar, add slowly 250 grams 
commercial absolute alcohol. A reference to Fig. 27 
will show how this operation is to be conducted. 
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The alcohol ia contained in the funnel, which is 
connected to a piece of glass tube by means of india- 
rubber tube having a screw-clip, by which the flow 
of spirit can be regulated. The 
sulphuric acid is contained in the Pi s- 27 - 

beaker, which in its turn stands on 
a pad of paper, the whole standing 
in an outer vessel in case of an 
accident. The manner in which the 
glass tube is connected to the funnel 
allows of a stirring motion during 
the addition of the alcohol. It is 
unnecessary to cool the beaker, but 
care must be taken that the end of 
the glass tube dips well beneath 
the surface of the sulphuric acid. During the mixing 
the temperature rises to 80-9O 3 . After all the alcohol 
is added, heat the mixture for an hour on the water- 
bath, and then allow to stand a few hours. Pour the 
cold liquid into some water contained in a pan, and 
add chalk ground into a thin paste with water until 
all acid is neutralised. It is now filtered and the 
filtrate, after the addition of lime water until slightly 
alkaline, is concentrated on the water-bath. When 
somewhat evaporated a concentrated solution of potas- 
Bium carbonate is added until the calcium is all precipi- 
tated. The soluble potassium salt of ethyl sulphate is 
formed and the solution, after filtering from the pre- 
cipitated calcium carbonate, can be concentrated over 
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the water-bath until crystallisation begins. By slowly 
concentrating the liquid, a well-crystallised product 
may be obtained. 

The product is collected on a funnel fitted with filter 
and parchment-cone. After draining thoroughly it is 
wrapped in drying paper and allowed to dry on a porous 
tile. Weigh the product obtained, and test its solu- 
bility in water and alcohol. 

Note to Student. — Write out all reactions involved in 
the preparation of this salt. 

Preparation of Ethyl Ether, p 3 TT 6 JO. (Action of 

sulphuric acid at about 140° C.) 
Mix 100 grams 90 per cent alcohol with 180 grams 



cone, sulphuric acid, employing funnel, clip, Ac., as in 
foregoing experiment. Allow mixture to cool down. 
Arrange an apparatus as shown in Fig. 28. The 
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flask containing the mixture is closed with a cork 
pierced with three holes ; through one of these holes a 
thermometer is inserted and dips into the liquid; 
through the second a tube is fitted which reaches 
beneath the surface of the mixture, and is connected at 
its upper end with a vessel containing alcohol. A bent 
tube passing through the third hole connects the flask 
with a long condenser and receiver, both of which 
must be kept w f ell cooled during the experiment. 
Commence the operation by heating the mixture, (this 
must be done cautiously, the fla<k standing on one or 
two plates of wire gauze), until the thermometer indi- 
cates 140°. At this point the mixture boils, and ether 
begins to distil oyer. As soon as this is noticed 
cautiously open the stop-cock of the vessel A, and let 
a slow stream of alcohol pass into the distilling flask 
through the tube B. Kegulate this stream so that the 
temperature remains constant at 140-145°. In this 
way the operation can be kept up for a considerable 
time, the alcohol admitted to the flask passing out as 
ether, and being collected together with some alcohol 
in the receiver. After about half a litre has been col- 
lected, stop the operation. Note. — The mixture in the 
distilling flask is to be kept in a stoppered bottle ; it 
will be useful in subsequent experiments. 

Pour the distillate into a stoppered separating- funnel 
and shake up with a dilute solution of sodium 
hydroxide. The ether will rise to the surface, and the 
aqueous portion may be run off. It should now be 
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shaken up a few times with water, separated, and 
allowed to stand over fused calcium chloride, poured off 
into a dry flask fitted with a thermometer, and distilled 
over a water-bath. Note the temperature. 

The ether thus purified still contains traces df 
alcohol and water, which it obstinately retains. To 
farther purify the ether, it is digested in the cold for 
some time with fresh metallic sodium, cut into thin 
slices (pure ether has no action upon sodium). When 
the sodium has no further action, the ether is distilled 
off over the water-bath. 

N.B. — Great care must be taken when working with 
ether. Never distil directly over a flame ; always use a 
water-bath, and do not heat the water to boiling. Care- 
fully avoid the neighbourhood of flames. 

Preparation of Ethylene DibromideA pjr a r> (Action 

of sulphuric acid on alcohol at about 160-180°). 

Into a flask of 2 to 3 litres capacity put a mixture 
of 25 grams alcohol (strong methylated spirit may be 
substituted), and 150 grams concentrated sulphuric 
acid. Heat on a sand-bath or wire gauze until ethylene 
is evolved in a steady stream. Now add gradually 
through a tap-funnel a mixture of one part alcohol and 
two parts concentrated sulphuric acid at such a speed 
that the evolution of gas continues without interruption, 
and at the same time without causing the contents of 
the flask to froth up too violently. The gas is purified 
from alcohol, ether, sulphurous acid, and carbon dioxide, 
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by conducting it through a series of Woulfe's bottles 
fitted with safety tubes, and connected with the 
generating flask (Fig. 29). The first of these bottles 
(a) is empty, the second (J) contains concentrated sul- 
phuric acid, the third (c) and fourth (d) — not shown in 



Fig, 29. 




the sketch — dilute caustic soda solution. Thus puri- 
fied, the ethylene passes into two smaller bottles (e) 
and (/), containing bromine covered with a layer of 
water. The last bromine bottle is connected with an 
arrangement for absorbing bromine vapours. This is 
half filled with pieces of broken brick (moistened with 
soda solution), and then filled up with lumps of common 
washing soda. 

The corks of the bromine bottles must be well 
soaked in melted paraffin before use, to protect them 
from the action of bromine vapour. The bromine 
bottles are cooled, if necessary, in cold water. 

G 
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Continue to pass the gas until the bromine is 
decolourised and converted into ethylene dibromide, 
then remove and shake up with dilute caustic soda 
solution. After washing with water to remove soda 
solution, separate the aqueous portion as far as possible 
by means of the separating-funnel and dehydrate over 
calcium chloride. After decanting from the calcium 
chloride the product is rectified. 

Note. — The student should have a measured quantity 
of bromine given to him, and must state in his note 
book the yield of ethylene dibromide obtained. 

Action of Hydrochloric Acid on Alcohol, 

Preparation of Ethyl Chloride, C 2 H 5 C1 (affording 
practice in the preparation and isolation of a substance 
gaseous at ordinary temperatures). 

Into a small retort, which is connected to a reflux con- 
denser (Fig. 30), introduce 50 ccm. of absolute alcohol 
and about 20 grams of fused zinc chloride. Now pass 
a rapid current of dry hydrogen chloride into the alcohol, 
which is at first kept cool by cold water. A large 
volume of the gas is absorbed. When nearly saturated 
the contents of the retort are gently warmed, the 
current of hydrochloric still maintained, and the 
ethyl chloride which is given off, together with hydro- 
chloric acid, led through the reflux condenser, where 
any alcohol vapour is condensed. The ethyl chloride 
is freed from acid by passing through one or two wash 
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bottles containing dilute caustic soda solution, and 
afterwards dried by bubbling through strong sulphuric 
acid, conveniently contained in a set of Geissler 
bulbs. It is now condensed by passing through the 
spiral condenser containing ice and salt, and is finally 
led nearly to the bottom of a piece of moderately 
broad tube, sealed at one end and constricted at the 
upper part in the manner 6hown in the sketch. This 
tube is also kept in a freezing-mixture of ice and salt. 
When the tube is about half full of ethyl chloride, the 
narrow leading tube is withdrawn, and the tube 
carefully sealed up at the constricted part. It is 
advisable to keep the tube in the freezing-mixture as 
much as possible during the process of sealing. When 
properly sealed the tube may be preserved as a speci- 
men in a box containing cotton wool. 

Ethyl chloride boils at 12° C. 

When a specimen has been obtained in the manner 
indicated, the operation should be continued, and the 
following experiments made : — (a) Collect a little 
ethyl chloride in a narrow test-tube, remove from 
freezing-mixture, and apply a light to the mouth of 
the test-tube ; note colour of the flame, and bring a rod 
moistened with ammonia close to the burning gas. This 
experiment will serve to demonstrate the presence of 
chlorine in the substance, (b) To an aqueous solution 
of ethyl chloride (it is sparingly soluble in water) add 
a few drops of silver nitrate ; no turbidity is produced 
if the ethyl chloride is j»ure. 
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Note, — The alcoholic residue in the retort may be 
preserved in a stoppered bottle, and used again when 
needed. 

Preparation of Ethyl Bromide. — Dilute 17 ccm. of 
strong sulphuric acid with 10 ccm. of water, and cool 
thoroughly: add this to 20 ccm. of strong alcohol 
contained in a flask of 200 ccm. capacity. Shake con- 
tents of flask, and when cold add 16 grams of powdered 
potassium bromide ; connect flask to condenser, and 
distil carefully from a sand-bath. Ethyl bromide 
passes over along with some water. Frothing takes 
place at the end of the operation, but this does not 
give trouble if a flask of sufficient size be employed. 

The ethyl bromide is formed in accordance with the 
equation — 

H 2 S0 4 + KBr + C 2 H 6 OH = C 2 H 6 Br + KHS0 4 

+ H 2 0. 

Wash the ethyl bromide with dilute soda solution, 
dry over calcium chloride, and rectify from a dry flask 
over the water bath, noting the temperature. 

Note to Student. — Weigh the resulting ethyl bromide 
and see if the yield corresponds to that demanded by 
the above equation. 

Action of Oxidising Agents on Alcohol. 

Preparation of Acetdldehyde, CH 3 -COH. — Arrange an 
apparatus as shown in Fig. 31. Into the flask A, 
which must have a capacity of 1£ to 2 litres, put 
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120 grams granulated potassium bichromate (made by 
dissolving the salt in a little hot water and evaporating 
to dryness with constant stirring). Make a mixture 
of 160 grams cone, sulphuric acid, 480 grams water, and 



120 grams alcohol (methylated spirit). Cool the mixture 
down to the ordinary temperature, and then pour it 
slowly through the funnel-tube B into the flask con- 
taining the potassium bichromate. The flask stands in 
a water-bath containing cold water. The flasks and 
D are half filled with ordinary ether ; they are placed 
in an outer vessel F containing ice water. A consider- 
able evolution of heat occurs, the liquid becomes green, 
and water, alcohol, and aldehyde distil over into the re- 
ceiver. By conducting the vapours through the inverted 
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condenser, which is maintained at a temperature of 
25-30°, most of the alcohol and water condense, while 
the aldehyde (B.P. 21°) passes over and is absorbed by 
the ether. The reaction is assisted by gently warming 
the flask, and when completed the apparatus is detached 
at E, and connection is made with an apparatus furnish- 
ing dry ammonia gas. The gas is passed into the cold 
ethereal solution of aldehyde to the point of saturation. 
The aldehyde separates out in the form of a beautifully 
white crystalline deposit of aldehyde-ammonia. It is 
separated from the mother-liquor by draining well on 
the filter-pump, washed with ether, and- finally dried 
on bibulous paper over calcium chloride. From this 
compound the aldehyde may be isolated by dissolv- 
ing in a little water, adding dilute sulphuric acid 
(1£ parts of acid to 2 parts of water), and distilling on 
the water-bath, the receiver being kept cool with ice. 
The distillate is dehydrated over coarse calcium 
chloride, poured off into some fresh calcium chloride and 
distilled from the same, the temperature of the water 
bath being about 80°. The anhydrous acetaldehyde is 
kept in sealed tubes. 

Experiments with Aldehyde. — After a sample of an- 
hydrous aldehyde has been secured in the manner 
indicated, the following experiments may be performed 
with it and its solution in water. 

(a) Add a few drops to solution of ammoniacal 
nitrate of silver, in a test-tube, and heat. The tube 
becomes coated internally with a beautiful specular 
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layer of metallic silver. (What is the explanation of 
this ?) 

(b) Shake up 10 com. with about 50 ccm. of a 
nearly saturated solution of hydrogen sodium sulphite, 
HNa SO a . On standing crystals separate, which consist 
of C 3 H 4 0, HNaS0 3 . Heat a little of this compound 
with sodium carbonate and note what comes off. 

(c) Add a few drops of the solution of aldehyde to 
some strong caustic potash and warm the mixture in a 
test-tijbe; a peculiar resinous-looking body, termed 
aldehyde resin, is formed. (See application of this 
reaction to the purification of alcohol, page 72.) 

Oxidation of Alcohol to Acetic Acid. Determination of 

small quantities of Alcohol. 

Into a 3-4 oz. narrow-necked bottle, 20 ccm.. of weak 
alcohol (containing 0*1-0 "2 gram of pure alcohol) 
are introduced, together with 10 ccm. of a solu- 
tion of chromic acid, made by adding 10 grams of 
potassium bichromate to 12 ccm. of strong sulphuric 
acid and making up to 100 ccm. The bottle is then 
securely closed by an india-rubber stopper, tied down, 
wrapped in cloth, and suspended in a bath of boiling 
water for two hours, by which time all the alcohol will 
have been oxidised to acetic acid. After cooling, the 
bottle is opened and sulphuric acid and granulated zinc 
added to reduce the excess of chromic acid. The green 
liquid is then transferred to a flask, a few pieces of 
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pumice or tobacco-pipe added to prevent bumping, and 
the liquid carefully distilled. When nearly dry, water 
is added and the distillation repeated. The acetic acid 
in the distillate is determined by standard decinormal 
soda, phenol-phthalein being used as indicator. It is 
desirable before titrating to add a drop or two of barium 
chloride as a test for sulphuric acid. Any precipitate 
must be filtered off, and 46 parts of alcohol subtracted 

for every 233 of BaS0 4 found. 

N 
lccm. of=-jr soda = - 0046 gram of 2 H 5 OH in 

sample. 

Action of Chlorine on Ethyl Alcohol. Preparation 

of Chloral. 

Pass a current of dry chlorine gas* through about 
100 ccm. of absolute alcohol contained in a retort, which 
can be cooled in water .containing ice if necessary, so 
that the temperature shall not rise above 10°. The 
chlorine is quickly absorbed, and, after a short time, 
aldehyde can be detected in the liquid when a few drops 
are removed, diluted with water, and warmed with 
ammoniacal nitrate of silver. In testing the liquid for 
aldehyde an excess of ammonia must be added in order 
to prevent the precipitation of silver chloride. The 
primary action of chlorine is therefore one of oxida- 
tion. The retort being connected with a reflux con- 

* The chlorine is generated by gently warming a mixture of man- 
ganese dioxide in lumps and concentrated hydrochloric acid. The gas 
is dried by passing through strong sulphuric acid. 
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denser (Fig. 30), gently warm the liquid to 60° 0. 
and continue to pass the gas as long as any of it is 
absorbed. The liquid is then boiled gently for a short 
time and allowed to cool (it ought to have a density of 
1'400); after which it is cautiously mixed with an 
equal volume of strong sulphuric acid. Hydrochloric 
acid and ethyl chloride are evolved, and the mixture is 
distilled from a water-bath. The distillate is neutralised 
with chalk and again distilled, afterwards fractionated. 
Chloral is a colourless mobile liquid, B.P. 94° • 5 0. 
It reduces ammonio-silver nitrate like aldehyde, and 
forms crystalline compounds with the acid sulphites ; 
it acts generally like an aldehyde; the formula is 
OCI3.COH, or trichloraldehyde. 

When mixed with about one-fifth of its weight of 
water, the mixture slowly solidifies to a crystalline 
mass of chloral hydrate which has probably the formula 

CC1 3 -CH< 0H - 

Dissolve about half a gram of chloral or its hydrate 
in a little water ; then add a few drops of caustic soda 
solution. The mixture soon becomes milky, owing to 
the separation of minute drops of chloroform, while the 
liquid in which it is produced will give the characteristic 
reactions of a formate. (Try it.) 

The following equation explains the change brought 
about by the alkali : — 

NaOH + CC1 3 .C0H = CC] 3 H + H.COONa. 



\ 
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Preparation, of Chloroform, 0HC1 3 . — Mix 430 grams 
of good bleaching powder with 100 grams quicklime, 
introduce into a capacious flask and add about 100 ccm. 
of ordinary methylated spirit diluted with 1£ litres of 
water. Agitate the contents of the vessel so as to secure 
complete mixture, connect the flask with a condenser, 
and distil from a water-bath. A mixture of alcohol, 
water, and chloroform collects in the receiver, where the 
chloroform settles to the bottom as a heavy oil. The 
chloroform is freed from alcohol by shaking with water 
and dehydrated over calcium chloride. It is finally 
rectified on the water bath. Pure chloroform boils at 
62° C. ; the specific gravity is 1*525 at 0°; it does 
not readily burn. 

The formation of chloroform is here due to a second- 
ary reaction. By the action of bleaching powder on 
alcohol, chloral is first formed, which, in presence of 
the calcium hydrate, decomposes into chloroform and 
calcium formate. (See preparation of chloral and its 
decomposition, p. 90.) 

The ultimate change which takes place is represented 
by the equation : — 

40 a H 6 O + 80a(OOl) a = 0C1 3 H + 3Ca(OOCH) 2 

+ 5CaCl 2 + 8H 2 0. 

Reactions of Chloroform. — Shake up a few drops of 
chloroform with a little water in a test-tube ; to the 
aqueous solution add a drop or two of aniline and a 
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little alcoholic potash. Either immediately, or on 
gently warming the mixture, a strong and peculiar 
smell will be observed, due to the formation of phenyl- 
carbamine (phenyl isocyanide) G Y H 5 N. In the absence 
of chloral and similarly constituted bodies, the reaction 
with aniline is a very delicate test for chloroform. (See 
also p. 124.) 

Another delicate test for chloroform is the formation 
of cuprous oxide when heated with Fehling's alkaline 
copper solution, the following reaction taking place :— 

CHOI3 + 5K0H + 2CuO = Cu a O + K a C0 3 

+3K01 + 3H a O. 



1 
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PKOGKAMME III. 

A STUDY OF THE PREPARATION AND DECOMPOSITION 
OF ETHYL ACETATE, AND OF THE COMPOSITION 
AND REACTIONS OF SOME OF THE NATURAL 
FATS AND OILS. 

Preparation of Ethyl Acetate. — Mix 60 grams of 
strong alcohol (97 per cent) with 150 grams of 
ordinary concentrated sulphuric acid. (This operation 
must be done with care, see p. 77.) Allow to stand 
some time, and when quite cold pour into a half- 
litre flask ; now add slowly 100 grams of fused and 
coarsely powdered sodium acetate. After standing a 
few hours distil first from a water-bath, and finally 
from a sand-bath. Shake up the distillate with a strong 
solution of brine containing a little sodium carbonate. 
Remove the upper layer of liquid by means of a sepa- 
rating-funnel, and distil from calcium chloride in a 
water-bath. Redistil from water-bath, employing a 
thermometer. The portion distilling below 74° contains 
ether, that coming over at 74-79° is principally ethyl 
acetate. This is separately collected and purified by 
redistillation. 

Ethyl acetate boils at 77° and has a specific gravity 
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of • 9068 at 15°. Determine the boiling-point of the 
sample prepared as above, and also its specific gravity 
at 15°. 

Write out the reactions involved in the foregoing 
preparation. 

Decomposition of Ethyl Acetate. — Into a half-litre 
flask put about 20 ccm. of ethyl acetate and 50 grams 
of potassium hydroxide dissolved in 200 ccm. of water. 
Connect the flask with a reflux condenser and boil gently 
for an hour or so. Now arrange the condenser for dis- 
tillation and distil off about 50-60 ccm. Examine dis- 
tillate for alcohol. Acidify the contents of the flask 
with dilute sulphuric acid and again distil. What 
now passes over ? 

Note. — The student must thoroughly understand 
the nature of the decomposition which the fore- 
going ethereal salt undergoes by treatment with 
caustic potash. All ethereal salts, or as they are 
now sometimes called, esters, are decomposed by 
boiling with caustic alkalies. Nearly all natural fats 
are ethereal salts, or esters. Now, when these fats are 
boiled with alkalies they are decomposed in the same 
way as the ethyl acetate, an alcohol and the salt of 
a fatty acid being produced. As this decomposition 
is best known on the large scale in the preparation of 
soaps, it is commonly called saponification. Hence, to 
saponify an ester, means to decompose it into the 
corresponding alcohol and the alkali salt of the acid 
contained in it. 
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Saponification of a Natural Fat Preparation oj 
Stearic Acid. — Cut up about J lb. of mutton or beef 
suet, and throw the pieces into a little boiling water 
contained in a basin ; the fat soon melts, and can be 
squeezed out from the animal membrane, the latter 
being thrown away. Put the fat into a large iron 
saucepan, add a little water, and then a moderately 
strong solution of commercial caustic soda, and boil 
gently for two or three hours, stirring frequently. 
Water may be added from time to time to replace the 
loss by evaporation. The boiling must be continued 
until the fat is decomposed. 

After cooling, add a strong solution of sodium 
chloride. The soap will separate out and rise to the 
top of the solution, where it will form a curd. Collect 
and wash with a little cold water. 

When suet is boiled with a solution of a caustic 
alkali, its component ethereal salts, stearin (C^H^ 
COO) 3 .C 3 H 5 ; palmitin (C^B^GOO^.CsH,; and oUn 
(C 17 H 33 COO) 3 . C 3 H 5 , are decomposed according to the 
following scheme : — 

C 3 H 5 '"(OA) 3 + 3NaOH = C 3 H 6 '"(OH) 3 + 3NaOA. 

A sodium or potassium salt, or "soap" of the fatty 
acid, is produced, together with glycerol. 

Note to Student— Write out in detail the equations 
representing the saponification of stearin, palmitin, 
and olei'n by caustic potash. 

Most of the glycerol Can,/" (OH) 3 in the experiment, 
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remains in solution in the brine, from which however it 
cannot be economically separated. 

For the preparation of stearic acid, take about half 
the soap formed as above, dissolve in hot water and 
filter if necessary. To the hot solution add a slight 
excess of moderately strong hydrochloric acid. The 
soap is decomposed, and an oil rises to the surface 
which solidifies in cooling. This mass, consisting of a 
mixture of stearic, palmitic, and oleic acids [Note to 
Student. — Write out the reaction here brought about by 
the decomposition of the foregoing soap by hydrochloric 
acid] is collected, and washed by stirring up with hot 
water once or twice. It is now separated from the 
aqueous portion and digested with a small quantity 
(about an equal bulk) of hot methylated spirit, allowed 
to cool, well drained on the filter-pump and washed 
with a little cold spirit. This operation is to be re- 
peated, the object being to remove oleic acid, which is 
much more soluble in alcohol than stearic or palmitic 
acid. Now remove the mass from tho funnel and press 
thoroughly between folds of blotting paper. The well 
pressed acids are now dissolved up completely in hot 
methylated spirit (employ for this purpose a flask 
attached to a reflux condenser, see " Operations," p. 4), 
and allowed to crystallise. Collect the crystalline 
deposit, drain well on the filter-pump and press 
between blotting-paper. The degree of purity effected 
by the successive crystallisations should be ascertained 
by determining the melting-point of the different 
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fractions. (See p. 7.) The well pressed mass is now 
dissolved up in a large excess of spirit, and to this is 
added, while hot, a boiling alcoholic solution of magne- 
sium acetate. The latter salt is added in the propor- 
tion of one part of the acetate to four parts of the mixed 
acids. By this treatment a precipitate of almost pure 
magnesium stearate is obtained ; most of the magnesium 
palmitate, being more soluble, remains in solution. The 
precipitate is collected when cold, well drained, pressed, 
and decomposed by boiling for some time with dilute 
hydrochloric acid. After -cooling and filtering, the 
stearic acid is again crystallised from alcohol, and the 
melting-point determined. Pure stearic acid melts at 
69° '2. If the sample of stearic acid has a much lower 
melting-point, recrystallise until pure. When pure, 
determine carbon and hydrogen. 

The foregoing separation of stearic from palmitio 
acid is an example of fractional precipitation. An 
alcoholic solution of other salts can be employed instead 
of magnesium. In general, the acid richest in carbon 
is thrown down first, if care be taken only to add suffi- 
cient to precipitate a small proportion of the acids 
present. The filtrate is again treated with more of the 
alcoholic solution of the salt, and so on. The various pre- 
cipitates are decomposed, examined, and the process of 
fractional precipitation repeated. The acids obtained 
are crystallised until a pure substance is obtained, this 
being ascertained by a determination of melting-point 
and other characteristics. 

H 
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Experiments with Stearic Acid. Preparation of 
Potassium Salt. — To a hot alcoholic solution of stearic 
acid add alcoholic potash until neutral, this point being 
ascertained by using phenol-phthalein as an indicator. 
On concentrating the solution and allowing it to cool, 
the potassium salt separates out in shining needles or 
thin plates. Or the salt may be obtained by dissolving 
one part of stearic acid in ten parts of water containing 
one part of caustic potash. The resulting mass may 
now be dissolved up in hot alcohol and allowed to 
crystallise. Determine the potassium in a sample of 
the salt. 

Dissolve one part of potassium stearate in ten parts 
of water, heat until clear and largely dilute with cold 
water, when an acid stearate will separate out, having 
the composition CnHasCOOK, Ci7H 36 OOOH (determine 
the potassium in a sample), which crystallises in white 
pearly laminae, while the solution becomes more or less 
alkaline. (Test it.) This hydrolysis of the salt of a 
higher fatty acid is important, and has an intimate 
relation to the detergent properties of soap. (See paper 
by Wright and Thompson, Jour. Soc. Chem. Ind., iv. 630.) 

Preparation of Lead Stearate. — Dissolve some potas- 
sium stearate in water, and add a clear solution of lead 
acetate. Collect the precipitate on a filter, and wash 
with cold water; dry at 100° and estimate lead. Test 
solubility of lead salt in alcohol, ether, and petroleum. 
Determine the melting-point of a sample of the salt. 

Action of Bromine and Iodine on Stearic Acid. — To 
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an aqueous solution of the salt add a few drops of 
bromine water drop by drop, and note what happens. 
Repeat this experiment, substituting an aqueous solu- 
tion of iodine for the bromine. Dissolve a little of 
the pure stearic acid in carbon tetrachloride or ether, 
and add the foregoing reagents also dissolved in tetra- 
chloride or ether. (See p. 106.) 

Titration of Stearic Acid with Standard Alkali, — 
Weigh off about one gram of pure stearic acid into 
a stoppered ^-litre flask, and wash down with about 
50 ccm. of neutralised methylated spirit.* Immerse 
the flask in hot water, and effect as complete solution 
of the acid as possible by agitating thoroughly. Add 
a few drops of phenol-phthalein solution, and titrate 
with a semi-normal solution of sodium hydroxide 
(=20-0 NaOH per litre). The addition of the alkali 
is continued, with vigorous shaking, until a permanent 
pink coloration is obtained : — 

C 17 H 35 COOH + NaOH = C 17 H 35 COONa + H 2 0. 

Calculate the percentage of pure stearic acid. 

Saponification of Olive Oil.— Isolation of Glycerol. — 
Into a porcelain basin put about 100 grams of pure 
olive oil (which consists largely of the glyceride olem 
[Ci7H 33 COO] 3 C 3 H 5 ), together with about three times 

* Some of the purified methylated spirit prepared in accordance 
with the directions given on p. 72 is treated with a few drops of an 
alcoholic solution of phenol-phthalein, and then dilute sodium hy- 
droxide added drop by drop until the solution retains a faint pink tint 
after shaking. 

H 2 
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of water. Heat on a water-bath, stir 
50 grams of finely powdered litharge 

ontinue to heat for several hours, adding 

me to time to replace loss by evaporation. 

s is finally obtained (this is lead oleate ; 

1 constituent of the " lead plaster " of 

;he aqueous portion which contains the 
ih the residue in the dish with hot water, 
»huretted hydrogen to remove any lead in 
er, and evaporate to a small bulk on the 
A sweet syrupy liquid is left, which is 
;lycerine. The lead soap obtained should 
; it is useful for the preparation of oleic 
.104.) 

■dent. — Express in the form of an equation 
sition of the oleiu contained in olive oil, 
oxide. 



ts with Glycerol. — (a) Heat a little of the 
■My in a small test-tube, and note the 
:citing odour produced. This is due to 
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the formation of acrolein, and constitutes a test for 
glycerol. 

(b) Put 20 ccm. of glycerol into a flask with 200 ccm. 
of water, connect with a condenser and boil briskly, 
passing in a current of steam. Prove that glycerol 
passes over with the water vapour. Into a 4-oz. Wurtz 
flask connected air-tight to a similar flask by means of 
a glass tube (see Fig. 32 J put 30 grams of glycerol. 
Exhaust by means of an air-pump, and distil over in 
vacuo half the glycerol. From the appearance and 
odour of the distillate, what conclusions do you draw ? 

Determination of Carbon and Hydrogen in Glycerol. — 
Heat some glycerol nearly to its boiling-point, to 
render it anhydrous, and allow it to cool in a small 
desiccator over sulphuric acid. Weigh out into a 
porcelain or platinum boat • 2 to 0*3 gram glycerol, 
and determine carbon and hydrogen by combustion. 

Note. — The weighing-out of the glycerol must be 
done with expedition, as it is very hygroscopic. 
. Determination of Glycerol by Oxidation with Alkaline 
Permanganate. — When glycerol is treated with per- 
manganate in the presence of excess of caustic alkali, 
it is converted into oxalic acid, carbon dioxide, and 
water, in accordance with the following equation : — 

C3HA + 30 2 =- C a H 2 4 + C0 2 + H a O. 

From this equation it will be seen that one molecule 
of oxalic acid corresponds to one of glycerol. 
The details are as follows :— Weigh off about • 5 gram 
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of the anhydrous glycerol, prepared as above, transfer to 
a porcelain basin, and dilute with cold water to about 
300 com. Then a strong solution of caustic potash, 
containing at least 12 grams of potash, is added: now 
pour in a saturated solution of potassium permanganate, 
until the solution is no longer green, but blackish. The 
liquid is then heated to the boiling-point for an hour or 
so ; a strong solution of sodium sulphite is then added 
to the hot liquid until all greenish colour is destroyed. 
The liquid containing the precipitated oxide of man- 
ganese is then poured into a 500 ccm. flask : the basin is 
washed out. with hot water. The liquor and washings 
in the flask are made up to 15 ccm. above the 500 ccm. 
mark, the excess being an allowance for the volume 
of the precipitate and hot liquid. The solution is 
passed through a dry filter, and when cold 400 ccm. of 
the filtrate are measured off, acidified with acetic 
acid, and the oxalic acid precipitated with calcium 
ohloride. 

The solution must be kept in a warm place for two 
or three hours, in order to insure complete precipita- 
tion of the oxalate. The precipitate, which consists of 
calcium oxalate and sulphate, is well washed. After 
washing, the filter is pierced and the precipitate rinsed 
into a beaker, the filter-paper well washed with hot dilute 
sulphuric acid (which of course is added to the contents 
of the beaker), the liquid diluted to 200 ccm., warmed 
up to 60°, and titrated with standard permanganate. 
If decinormal permanganate be employed, each com. 
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corresponds to *0045 oxalic acid, or •0046 gram 
glycerol. 

Preparation of Allyl Alcohol, CH a : CH.CH 2 .OH. — 
Into a retort of about 500 ccm. capacity, provided with 
a condenser and arranged for distillation, introduce 50 
grams of oxalic acid and about 200 ccm. of glycerol. 
Pass a thermometer through the cork of the retort, 
and let the bulb dip well under the liquid. If com- 
mercial oxalic acid is employed, it is necessary to add 
to the contents of the retort about a half per cent, of 
sodium chloride and a quarter per cent, of ammonium 
chloride. 

When the temperature has reached 130°, much carbon 
dioxide gas is evolved and a little formic acid distils 
over; continue to heat gradually up to 200°, when more 
gas is evolved. At 200-210°, oily streaks are observed 
to run down the neck of the retort and a peculiar, 
somewhat irritating, but highly characteristic odour is 
perceptible ; at this stage the receiver is changed. By 
gently heating the contents of the retort, a temperature 
of about 220-230° is maintained for some time, and 
when it has finally risen to 260° the distillation is 
stopped. Excess of glycerol remains behind in the 
retort, and may b9 used again by repeating the opera- 
tion with a smaller quantity of oxalic acid (20-o0 
grams). The whole of the allyl alcohol, together with 
a small quantity of formic acid and acrolein, is obtained 
by submitting the distillate to rectification. The dis- 
tillation is this time continued until, on treating tha : >, „ 
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last portions, bolning over at about 105°, with potassium 
carbonate, no oily layer separates. Now add to the 
distillate solid potassium carbonate, when the allyl 
alcohol separates out as an oil. This is separated from 
the aqueous portion and allowed to stand for 24 hours 
in contact with 5 to 10 per eent. of powdered potassium 
hydroxide ; the liquid loses the smell of acrolein, and at 
the same time assumes a brown colour. (Compare the 
purification of ethyl alcohol fr6m acetaldehyde, p. 72.) 
The liquid is decanted off and distilled. In order to 
abstract the last traces of water, which are obstinately 
retained, the alcohol is left in contact with anhydrous 
baryta and then distilled. 

C a H 2 4 + C a H 5 (OH) 3 = C 3 H 6 (0H) 2 -O-CHO 

Oxalic acid. Glycerol. Monoformin. 

+ H a O + CO* 
C,H,(OH),-CM3HO = 3 H s OH + H a O + CO* 

Ally) alcohol. 

Allyl alcohol, when pure, is a colourless liquid 
boiling at 96° ; sp. gr. "858 at 0°. 

The foregoing preparation is an example of the con- 
version of a trihydrio alcohol (glycerol) into a mono- 
hydric alcohol. 

Preparation of Oleic Acid, CnHaaCOOH. — Introduce 
some of the lead oleate (free from water) obtained in 
the preparation of glycerol, into a flask, and agitate 
repeatedly with petroleum spirit, which dissolves the 
]$ad oleate and free oleio acid, leaving the palmitate 
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and stearate of le.id unchanged. (Note this fact care- 
fully.) The solution is separated from insoluble salts 
and thoroughly shaken with an excess of hydrochloric 
acid. The aqueous portion now contains chloride of 
lead, while the spirit will retain the oleic acid. It is 
separated from the acid aqueous liquid, washed by 
agitation with water, carefully separated, and the spirit 
distilled off rapidly and at as low a temperature as 
possible. The oily residue is dissolved in moderately 
strong ammonia, solution of barium chloride added, the 
precipitate of barium oleate collected, washed with 
water and crystallised from alcohol. (Determine the 
barium in a sample of the salt). 

The barium oleate is finally decomposed by boiling 
with a strong solution of tartaric acid, the oleic acid 
extracted with ether, and the ether distilled off as 
quickly as possible. The residual oleic acid may be 
further purified by allowing to crystallise from alcohol, 
or by cooling down to about 7° C, when it solidifies to 
a crystalline mass, which is quickly pressed between 
folds of filter paper, or drained on a vacuum-filter, 
(see p. 21) ; by repeatedly melting, cooling, and press- 
ing the crystalline portion, and finally crystallising 
from alcohol, the impurities are completely removed. 

Oleic acid crystallises from alcohol in brilliant white 
needles melting at 14° C. 
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Action of Reagents on Oleic Acid. 

Action of Bromine.^- Dissolve a little oleic acid in 
ether or chloroform, and add drop by drop a dilute 
solution of bromine dissolved in the same solvent. 
Note what happens. 

The foregoing reaction can be made approximately 
quantitative, and is of great technical importance. 
Iodine can be used instead of bromine. The iodine 
absorption of an oil has been thoroughly studied by 
Baron Hiibl.* 

On p. 99 it was found that pure stearic acid does 
not readilv combine with bromine; this was because 
the acid is a *' saturated compound," inasmuch as it is 
a higher homologue of acetic acid, the general formula 
of the acids of this series being C 4i H ftli . 1 COOH. Oleic 
acid belongs to the series C.Hg.^COOH. 

Oleic acid, C 18 H 34 2 , forms C 18 H 34 Br a 02, and 

From the foregoing considerations we can approxi- 
mately estimate oleic acid from the amount of halogen 
assimilated. About •!-()• 2 gram of pure anhydrous 
oleic acid is placed in a stoppered bottle of about 
100 ccm. capacity, and dissolved in 50 ccm. of carbon 
tetrachloride previously dried by calcium chloride. 

N 
An approximately y% solution of (8 grams per litre) 

* Dingl. Polyt. Jour., ccliii , 281, Jour. Soo. Chem. Ind., iii. 641 
See also Allen's ' Commercial Organic Analysis,' vol. il, puge 48. 
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bromine in dry carbon tetrachloride, having an exactly 
known strength, is then gradually added to the solu- 
tion, until after standing a. few minutes it is no longer 
decolourised. The excess of bromine is then estimated 
by adding an aqueous solution of potassium iodide and 
starch, and titrating back with a standard solution of 
sodium thiosulphate. Repeat the above, substituting 
pure olive oil for the oleic acid. Express the results 
in percentages of bromine assimilated. 

Action of Nitrous Acid on Oleic Acid. — Pass, for a few 
minutes only, a gentle current of the nitrous fumes 
generated by the action of nitric acid on sugar or 
arsenious oxide (see Fig.- 34, p. 129), into about 
10 grams of well-cooled oleic acid ; after some time a 
crystalline mass separates out, called elaidic acid (which 
is considered an isomer of oleic acid). The acid may 
be purified by washing with hot water, and crystallisa- 
tion from al.cohol. From this solvent it crystallises in 
fine pearly laminae, melting at 45°. It has strongly 
acid characters, forming well-defined salts. (Prepare the 
sodium and potassium salts by dissolving in alcohol and 
adding the necessary quantity of alkaline hydroxides.) 

The property of forming an isomer of higher melting 
point under the influence of nitrous acid is not peculiar 
to oleic acid, but is exhibited by its homologues. The 
glyceride triolein also, when similarly treated, gives a 
solid modification termed Elaidin. Experiment : Pass 
a current of nitrous acid through some well-cooled 
olive oil, and allow to stand fur some time. 
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Note. — The drying oils, which consist chiefly of 
linolein and its homologues, are not visibly affected by 
treatment with nitrous acid. Upon this property is 
based the important " Elaidin test," described in works 
treating of the analysis of fats and oils. 

N 
Determination of Oleic Acid by Standard -^ Sodium 

Hydroxide. 

This operation is carried out as in the titration of 
stearic acid. (See p. 99.) 

C 17 H 34 COOH + NaOH = Cn^COONa + H 2 0. 

Determination of the Percentage of Caustic Potash 
required for Saponification of an Oil. 

Before commencing this operation, the following 
standard solutions must be prepared : — 

(a) Dissolve 14 , grams of good stick potash in 500 
ccm. of good rectified methylated spirit (distilled from 
potash), and allow the liquid to stand till clear. This 
solution will be approximately seminormal. 

(fc) A standard solution of hydrochloric or sulphuric 
acid of approximately seminormal strength. 

About 2 grams of pure olive oil are accurately 
weighed into a flask fitted to a reflux condenser. 
25 ccm. of the prepared alcoholic potash are added, 
and the flask is heated on a water-bath, with frequent 
rotatory agitation for about half an hour, or until 
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saponification is judged to be complete. After cooling, 
about 1 ccm. of an alcoholic solution of phenol 
phthalein is added, and the liquid is titrated with the 
seminormal hydrochloric or sulphuric acid. 25 ccm. 
of the same alcoholic solution of potash, without the 
fat, should then be carefully titrated with the standard 
acid. The difference between the volumes of standard 
acid used in the two titrations gives the number of 
ccm. corresponding to the alkali neutralised in saponi- 
fying the oil. 

1 ccm. of J acid = 0-02805 of KOH. 

Calculate the percentage of KOH required to saponify 
100 parts of the oil. 

C 3 H 5 (OF) 3 + 3KOH = C 3 H 6 (OH) 3 + 3K(OF). 

From the foregoing general equation it appears that 
one molecule of glyceride requires three molecules of 
potassium hydroxide for its saponification. The amount 
of glyceride saponified by one molecule of potash will 
therefore be one-third of the molecular weight (in the 
ease of a monohydric alcohol the number will be 
identical with the molecular weight). 

The number of grams of any oil saponified by one 
litre of any normal alkali is designated the " saponifica- 
tion-equivalent," and it is found by dividing the per- 
centage of alkali required for saponification into 5610 
for KOH and into 400 for NaOH. (See Allen's 
' Commercial Organic Analysis/ vol. ii. p. 40.) 
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PEOGEAMME IV. 

COAL-TAR AND COAL-TAR PRODUCTS. 

Distillation of Coal-tar. — Into a tubulated glass 
retort of about 1£ litre capacity, introduce about 
500 ccra. of good gas-tar (to be obtained from any gas- 
works). Close the tubulure with a cork fitted with a* 
thermometer. The retort is supported on a cup-shaped 
piece of wire-gauze, placed in an aperture cut in a plate 
of sheet-iron, conveniently supported in position by 
four bricks. Over the retort is placed a dome of thin 
sheet-iron, so cut as to allow the neck of the retort to 
pass through. (See Fig. 33.) 

This latter contrivance confines the heat, and so 
prevents condensation in the upper part of the 
retort. 

No condensing arrangement is necessary, the neck 
of the retort acting in this capacity. 

The retort is heated very gently and carefully at 
first (one of Fletcher's powerful ring burners should be 
used, as towards the close of the operation it is 
necessary to maintain the wire-gauze at a red heat). 
There is usually much frothing, and if great care is not 
taken, the distillate will be spoilt 
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The burner being lighted, the ammoniacal liquor 
and *' light oils " are collected together in a graduated 
cylinder, which is changed when a drop of the distillate 

Pig. S3. 



collected in a test-tube begins to sink. After 
standing, to allow perfect separation of the ammoniacal 
liquor and light oils, the volume of each ia observed. 
The strength or amount of ammonia contained in the 
former, is to be determined by distilling an aliquot 
portion with caustic alkali and titration of the distillate. 
(See Fig. 22, p. 59). 

The quantity of light oils (containing benzene, 
toluene, &>•.) is usually too small to admit of further 
fractionating, but can be preserved as a specimen. 

The next fraction of the dislillate (200-240°) con- 
sists of "creosote oil"; at first it will contain much 
naphthalene, and will probably solidify on cooling; but 
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as the distillation proceeds it will become more fluid. 
When a drop of the distillate received on a cool 
surface deposits solid matter of a yellow or greenish- 
yellow colour, the receiver is changed. (The temperature 
will be about 270°. Pull the bulb of the thermometer 
up into the cork). Measure the fraction, and label it 
" Creosote oils." 

The next fraction is rich in anthracene, and mostly 
condenses in the neck of the retort as a yellow 
waxy substance, which may be melted by the cautious 
application of a small Bunsen flame. The operation is 
continued until no more distillate can be obtained, and 
the pitch intumesces and gives off heavy yellow fumes. 
This last fraction is measured, cooled thoroughly, and 
the resulting pasty mass pressed between folds of thick 
filter paper and weighed. Label it " Anthracene cake," 
and preserve for future experiments. (See p. 141.) 

When the distillation is complete, the retort is 
allowed to cool down, and when almost cold, its body is 
plunged into cold water. This operation causes a rapid 
surface cooling and shrinking of the pitch from the 
glass of the retort, which may then be broken by 
gently tapping, leaving the pitch clean and ready for 
weighing. Preserve a specimen. 

In this experiment it will be seen that the retort 
(costing about one shilling) is sacrificed ; it is therefore 
recommended that the experiment be performed by a 
group of three or more students. 

The following table will give some idea as to how 
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the results of the foregoing operation should appear in 
the note-book : — 

Distillation of a Sample op London Tar. 

per cent. 
Ammoniacal water 4*5 

Total light oils 35 

Carbolic and creosote oils 26*2 

Anthracene oils 14*5 

Pitch (grams per 100 ocm.) .. .. 58*6 

107*3 

The apparent excess is due to the tar having been 
measured and the pitch weighed. 

Fractionation of Light Oil. Isolation of Benzene 
and Toluene. — Shake up in a capacious flask a measured 
quantity (say 250 ccm.) of light oil, procured from 
some tar distillery, with an equal balk of dilute 
sulphuric acid (1 of acid to 3 of water), connect 
flask to condenser, and distil in a current of steam. 
Collect, and separate oil from aqueous distillate, and 
repeat foregoing operation, substituting a 20 per 
cent, solution of caustic soda for the sulphuric acid. 
The purified oil is separated, dried over calcium 
chloride, and fractionated. It will be observed that 
there is a tendency to an accumulation of the distillates 
in the parts boiling near 80° (B.P. of benzene, 80° ' 5) 
and 110° (B.P. of toluene, 110-111°). The portion 
which passes over below 90° C. is digested at 100° in a 
flask furnished with an upright condenser, with 5 
per cent, by measure of concentrated sulphuric acid 
for several hours, in order to separate thiophene and 

i 
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hydrocarbons of the C^H^-a and CH 2 * series. This 
treatment is continued with successive portions of 
acid as long as any blackening takes place. The oil is 
separated as far as possible from acid, and distilled in 
a current of steam. The oil is separated from water 
and submitted to a freezing mixture of ice and salt, 
when the benzene crystallises out, and may be sepa- 
rated from the more fusible hydrocarbons by draining 
on a vacuum pump. (See p. 21.) 

Pure benzene melts at 5°*5, and boils at 80° • 5. 

The fraction boiling above 90°, together with the 
mother-liquors accumulated during the purification of 
benzene, are carefully fractionated by means of the 
bulb apparatus, and the portion which finally comes 
over at 110-111° is collected. This will be nearly pure 
toluene. Submit a sample to a powerful refrigerating 
mixture ; it does not solidify (distinction from benzene). 

Action of Reagents on Benzene and its Derivatives. 

Action of Sulphuric Acid. Preparation of Potassium 
Benzene-Sulphonate, C 6 H 6 S0 3 K. — Into a flask of about 
J-litre capacity introduce 100 grams pure commercial 
benzene and 200 grams of concentrated sulphuric 
acid ; attach a reflux condenser, and keep the mixture 
gently boiling on a sand-bath for about twenty-four 
hours. When about four-fifths of the benzene have 
dissolved, and more prolonged heating produces no 
further change, distil off any residual benzene, cool, 
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and pour the dark-coloured liquid into about a litre of 
water contained in an earthenware pan. The acid liquid 
is now neutralised whilst hot with powdered chalk mixed 
into a thin cream with water. The mass is filtered 
through calico (conveniently stretched on a wooden 
frame), and the residue well washed with water. The 
brown-coloured filtrate, together with the wash-water, 
is concentrated over a small flame until a sample with- 
drawn on the end of a glass rod solidifies on cooling. 
From the solution the calcium salt of benzenesulphonic 
acid separates out on cooling, forming an almost solid 
mass of small white crystals, which, after being well 
drained from the mother-liquor, are almost pure. 
Note. — Press some of the well-drained crystals between 
filter-paper, and when dry, determinine the calcium (as 
sulphate) in a sample. 

In-order to prepare the corresponding potassium salt 
from the calcium compound, dissolve the latter in hot 
water and add a moderately concentrated solution of 
potassium carbonate until the calcium is completely 
precipitated as carbonate. The aqueous solution of the 
potassium salt is filtered from the calcium carbonate 
and evaporated down, first over a small flame, and 
finally on the water-bath, until a sample crystallises 
on cooling. 

The potassium salt crystallises in the form of colour- 
less crystalline plates, which, after collecting and 
draining, may be dried on a porous tile or plate. 
: Note to Student — Write out equations explaining all 

12 
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chemical reactions involved in the preparation of the 
foregoing compound. Is the action of sulphuric acid 
on benzene a typical one? How is ethyl-sulphonic 
acid obtained ? 

Action of Fused Potassium Hydroxide on Potassium 
Benzene-Sidphonate. Preparation of Phenol, C 6 H 5 OH. 
— In an iron crucible (or small gluepot) melt 40-50 
grams of potassium hydroxide, after adding a few 
ccm. of water. Now add gradually, and with constant 
stirring, 10-15 grams of finely powdered potassium 
benzene-sulphonate. Do , not heat to a very high 
temperature. Note. — A narrow piece of iron tube, 
closed at one end and containing a little mercury, 
and sufficiently large in bore to admit of the insertion 
of a thermometer, is a useful adjunct in conducting 
fusions with potash; by employing a thermometer, 
protected as described, the temperature in the present 
experiment may be maintained at about 290-295°. 
During fusion the mass is first thick and pasty, but 
soon becomes semi-fluid, and remains in this condition 
until towards the end of the operation, when it regains 
its original consistency. 

After the mass has been kept in a state of fusion for 
about an hour, allow it to cool, and dissolve in about 
200 ccm. of water; transfer to a porcelain basin and 
acidify with concentrated hydrochloric acid. (What gas 
comes off ?) When the liquid has cooled down, shake 
up with ether in a glass separating-funnel. After 
separating, distil off the ether ; the residue consists of 
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impure phenol, which may be detected by the following 
reactions, for which a solution in water should be 
prepared : — 

(a) A few drops of ferric chloride give a beautiful 
violet colour. 

(6) To another portion add some ammonia and then 
a few drops of a solution of bleaching powder ; a blue 
colour is produced. 

(e) Bromine water gives a yellowish white precipitate 
of tribromphenol. 

Now repeat and compare the above reactions with 
a sample of commercial phenol. 

Separation of Phenol from Coal-tar. — Procure about 
two litres of the fraction from coal-tar boiling at 
150-200° C. This is transferred to a separating funnel 
or Winchester quart bottle, and agitated with suc- 
cessive quantities of caustic potash solution (25 per 
cent). The aqueous portion is now drawn off and con- 
centrated to a small bulk over a sand-bath, allowed to 
cool completely, separated from any further stratum of 
oil, and treated with a slight excess of dilute sulphuric 
acid (one of cone, acid to three of water). The oily 
layer obtained is separated as completely as possible 
from the aqueous portion, and distilled from a small 
Wurtz flask; the portion coming over at about 182° 
is fairly pure phenol. It may be further purified by 
freezing, pressing, and redistillation. 

Estimation of Phenol. — The reaction which bromine 
gives with phenol may be utilised in approximately 



! 



118 PBACT1CAL WORK IN OBGANI.C CHEMISTRY. 

determining the amount of the latter in aqueous liquids* 
The precipitate of tribromphenol may be collected on 
tared filter papers, dried in the desiccator, and weighed ; 
or the estimation may be effected by adding stan- 
dardised bromine water in excess, followed by potassium 
iodide, and then titrating back with a standard solution 
of sodium thiosulphate. 

C ft H*OH + 3Br 2 = C 6 H 2 Br 3 OH + 3HBr. 

Action of Nitric Acid on Phenol. — Preparation o/Ortho 
and Para-nitrophenol. — To a mixture of 80 grams nitric 
acid, sp. gr. 1 * 34, and 164 grams of water, contained in a 
porcelain basin, and kept cool by standing in a vessel of 
water, 40 grams of melted phenol are gradually added 
in small quantities, and the contents of the basin well 
stirred. On the addition of the phenol the liquid 
changes to a deep brown or black colour, and a heavy 
dark brown oil separates out. When all the phenol 
has been added, the mixture is allowed to stand for 
about twelve hours. 

The oil, which for the most part collects at the bottom 
of the vessel, is washed two or three times with water 
by decantation. The black oily product is now put 
into a flask and distilled in a current of steam. (See 
"Operations," p. 12.) Yellow crystals pass over and 
appear in the receiver. The distillation is continued, 
until the distillate is almost colourless. The volatile, 
substance is ortho-nitrophenol, which can be further 
purified by crystallisation from dilute alcohol* Deter* 
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mine the melting-point of a sample after well pressing 
and drying between filter-paper. 

The residue in the flask contains the other isomer, 
the non-volatile para-nitrophenol, which can be ex- 
tracted from the black, pitchy, contaminating substance 
by repeatedly exhausting with boiling water. The 
united portions of the aqueous extract are boiled with 
animal charcoal and filtered, the filtrate concentrated 
to a small bulk and allowed to crystallise, further puri- 
fication being effected by recrystallisation from hot 
dilute alcohol. 

After pressing and drying the crystals between filter- 
paper, determine the melting-point, and also point out 
auy further distinguishing properties by which the 
compound is distinguished from its isomer. 

Action of Phosphorus Pentachloride on Potassium 
Benzene-Sulphonate. — In a dry evaporating dish mix 
15 to 20 grams potassium benzene-sulphonate and an 
equal weight of phosphorus pentachloride, by means of 
a dry pestle. The mass beomes hot and semi-liquid, 
and hydrochloric acid is given off. Hence the opera- 
tion should be performed under a hood or out of doors. 
The reaction which takes place is represented by the 
equation : — 

C 6 H 6 S0 2 OK + PCI* = C 6 H 6 S0 2 C1 + P0C1 3 + KCL 

When the action is over and the mass has cooled 
down to the ordinary temperature, add about a litre 
of cold water. Everything will dissolve except the 
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sulphon-chloride, C 6 H 6 SO a Cl, which will remain as 
a heavy oil at the bottom of the basin. Pour off the 
greater part of the water, and add 30-40 grams of 
powdered ammonium carbonate. The chloride is 

thus converted into the corresponding sulphon-amide, 

» 

thus : — 

C e H 6 SO a Cl + 2NH 3 = C e H 5 S0 2 NH 2 + NH«C1. 

After cooling, filter off the sulphon-amide ; wash well 
with cold water and crystallise from water. The com- 
pound crystallises in needles, melting at 153°. 

Note to Student. — Refer to the manufacture of sae- 
eharin, and compare its mode of formation with the 
foregoing. 

Action of Potassium Cyanide on Potassium Benzene- 
Sulphonate. — Mix 20 grams of dry potassium benzene 
sulphonate with an equal weight of potassium cyanide 
(or, preferably, dry ferrocyanide), and distil from a 
small retort. The distillate is impure phenyl cyanide, 
C 6 H 6 CN. 

C 6 H 6 S0 2 OK + KCN = C ft H 5 CN + K 2 S0a. 

Put the phenyl cyanide into a flask of 250 ccm. to 
300 ccm. capacity, and add 150 ccm. of a moderately 
strong solution of potassium hydroxide. Connect with 
an inverted condenser and boil for two or three hours. 
What is given off? After cooling, acidify with 
hydrochloric acid. A solid substance is precipitated, 
Filter off, wash slightly, and crystallise from water,. 
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or sublime between watch-glasses. This substance is 
benzoic acid. 

Write out the reactions showing its formation from 
the phenyl cyanide. (See also p. 134, on the application 
of Sandmeyer's reaction.) 

Action of Nitric Acid on Benzene. Preparation of 

Nitrobenzene. 

Into a flask of about £-litre capacity containing 
50 grams of benzene introduce a well-cooled mixture 
of 100 grams concentrated nitric acid and 150 grams 
strong sulphuric acid. The acid must be very slowly 
added from a tap-funnel and the contents of the flask 
well shaken. Nitrous fumes are evolved and a consider- 
able amount of heat developed. Care must be taken 
that the temperature does not exceed 40-50°, by im- 
mersing the flask in cold water. The nitrobenzene, 
separates out as a brown, oily layer on the surface of 
the acid. When all the acid has been added— an 
operation which should last about half-an-hour — heat 
the mixture for half-an-hour to 60° on the water-bath 
with frequent agitation ; then pour slowly into about a 
litre of cold water. The nitrobenzene will sink to the 
bottom as a yellow oil. Pour off the acid and wash three 
or four times with water, then add a dilute solution of 
sodium carbonate, and distil in a current of steam. The 
nitrobenzene, separated as carefully as possible from 
water, is allowed to stand over a little granulated 
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calcium chloride and shaken occasionally until the 
liquid is perfectly clear. The yellow liquid is now 
decanted from the calcium chloride and distilled from 
a dry distilling-flask, noting the temperature. Nitro- 
benzene has the formula C 6 H 5 N0 2 , and distils at 
205-207° C. 

Show by ineaDS of an equation the reaction which 
has taken place in its formation from benzene and 
nitric acid. Why is sulphuric added to the nitric 
acid ? 

Action of Nitric Acid on a Mixture of Benzene and 
Petroleum. — To a mixture of 10 ccm. benzene and 
5 ccm. of petroleum contained in a small flask fitted 
with an inverted condenser, add twice its measure of 
fuming nitric acid of 1 • 50 sp. gr. If a vigorous action 
occur, no extraneous heat need be applied, but if the 
reaction be sluggish the liquid should be well agitated 
and moderately heated for a few minutes. Cool the 
flask, transfer the contents to a tapped funnel, and run 
off the bottom layer into water, when nitrobenzene 
will be seen to have formed. The top layer in the 
funnel will be found to be unaltered paraffin. This 
experiment is to demonstrate the difference in behaviour 
towards reagents, between hydrocarbons of the benzene 
series and those of the paraffin series. Its application 
to technical purposes will readily appear. 
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Action of Reducing Agents on Nitrobenzene. 

Preparation of Aniline, C 6 H 5 NH 2 . — (1.) Sixty grams 
nitrobenzene and 100 grams granulated tin are placed 
in a flask of about 1 litre capacity connected with a 
reversed condenser; 360 grams of strong commercial 
hydrochloric acid are gradually added in small quan- 
tities, the amount being regulated by the reaction, 
which should proceed steadily. Should the contents of 
the flask boil up violently, the flask is cooled in water 
until the reaction has somewhat slackened ; towards 
the conclusion of the operation the flask is gently 
heated for about an hour. When nearly the whole 
of the tin has dissolved, the contents of the flask 
(which solidify on cooling to a crystalline mass con- 
sisting of a double salt of stannic clilo.ide and aniline 
hydrochloride) are submitted to distillation in a cur- 
rent of steam (see "Operations," p. 12), so long as 
any unaltered nitrobenzene comes over. The contents 
of the flask are now cooled and neutralised with quick- 
lime ground into a thin paste with water, a small 
quantity of sodium hydroxide solution being added 
until slightly alkaline. The contents of the flask are 
again -distilled in a current of steam. Aniline and 
water collect in the receiver, the former as an almost 
colourless oil. When no further condensation of oil is 
observed, the operation is discontinued and the oil 
separated from the aqueous distillate by means of the 
separating funnel. The aqueous portion of the distil- 
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late contains aniline in suspension and in solution. 
The latter may be extracted with ether, the ethereal 
solution separated as far as possible from water, and the 
ether distilled off.* The residue in the flask, together 
with the oil in the separating-funnel, is dehydrated over 
solid caustic potash, decanted, and distilled. Aniline, 
when pure, distils at 181-182°, and has usually a faint 
amber colour. 

(2.) Dissolve a further quantity of nitrobenzene in 
alcoholic ammonia, and saturate the solution with 
hydrogen sulphide, keeping it slightly warm. On the 
water-bath distil off the excess of ammonium sulphide 
and some of the alcohol. (Operation to be conducted 
in fume cupboard.) To the residue add dilute hydro- 
chloric acid. This will combine with and dissolve the 
aniline, but leave any unchanged nitrobenzene undis- 
solved. Separate the latter ; evaporate to dryness on 
the water-bath, mix with a little lime and soda solu- 
tion, and distil as in process No. 1. Aniline will pass 
over. 

Experiments with Aniline. — To an aqueous solution 
of a little of the aniline in a test tube add a clear 
solution of bleaching powder. A beautiful purple 
colour is produced. 

Heat a few drops of the base with a little alcoholic 

. * An alternative method for recovering the aniline from its aqueous 
solution is to evaporate the latter, rendered slightly acid by the addi- 
tion of dilute hydrochloric acid, nearly to dryness on the water-bath. 
Aniline hydrochloride is formed, which may be collected and used for 
subsequent experiments. 



\ 
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potash and a drop or two of chloroform in a test tube. 
Phenylcarbamine is produced, a substance possessing 
a most unpleasant odour. (Hofmann's reaction for 
primary amines.) 

Salts of Aniline. — Put a few ccm. of aniline into a 
test-tube containing an equal bulk of water, and add 
hydrochloric acid. Note that the aniline slowly dis- 
appears on shaking the liquid ; the solution contains 
aniline hydrochloride, C 6 H 5 NH 2 HC1, which can be ob- 
tained as a solid by evaporating the solution. Repeat 
with dilute sulphuric and nitric acids. 

Note. — It is necessary to point out here that aniline 
is by no means the sole product of the reduction of 
nitrobenzene, and that intermediate compounds are 
known, one of which, azobenzene, is next described. 
The manner in which these compounds are related to 
nitrobenzene and aniline must be fully explained by 
the teacher, or by reference to a good text-book. 

Preparation of Azolenzene, C 6 H 5 .N 2 .C 6 H 5 . — Dis- 
solve 16 grams of powdered sodium hydroxide in 100 
ccm. of boiling methylated spirit, contained in a flask 
of about half-litre capacity connected to an inverted 
condenser, and add gradually to the hot solution 20 
grams of nitrobenzene (can be introduced down the con- 
denser). Heat for two to three hours. Now add, in 
small portions, 8 grams of zinc dust, and continue the 
heating for one or two days. Distil off the alcohol, 
add water, and filter; wash the residue with a little 
water and boil up with hydrochloric acid and alcohol ; 
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filter hot. Azobenzene crystallises out on cooling in 
large red crystals melting at 67°. Determine the 
nitrogen in a sample of the azobenzene. 

Preparation o/Acetanilide, C 6 H 6 NH . COCH 3 . — Equal 
weights of aniline and glacial acetic acid are mixed in 
a flask of about 250 ccm. capacity connected with a 
reversed condenser, and gently boiled for about twelve 
hours. The liquid on cooling solidifies. The contents 
while warm are therefore at once distilled until excess 
of acetic acid has been expelled, and the liquid which 
passes over begins to solidify. The contents of the 
flask are allowed to cool somewhat and then poured 
into some cold water. The crystals are collected on a 
filter, washed with a little water, and crystallised from 
boiling water. The compound forms colourless tabular 
crystals, melting when pure at 114°, and the purity of 
the preparation under consideration must be ascer- 
tained by pressing a sample between filter^paper, drying 
in the water-oven, and carefully observing the melting- 
point. When pure, determine percentage of carbon, 
hydrogen, and nitrogen. 

Acetanilide is an important compound. The aromatic 
amido-compounds are readily acted on by glacial acetic 
acid or acetic anhydride, and form acetyl derivatives 
or acid amides. The introduction of the acid radicle 
into the NH 2 group confers stability on the compound ; 
for instance, aniline cannot be readily nitrated with- 
out undergoing decomposition, acetanilide is easily 
nitrated. The acetyl group can afterwards be removed 
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by heating with hydrochloric or sulphuric acid, or 
with caustic alkalies (saponification or hydrolysis). 

E-NHC 2 H 3 + H 2 = KNH 2 + C 2 H 4 2 . 

Action of the Halogens on Benzene. 

Preparation of Monolrom- and Dibrombenzene. — Id to 
a flask of about 300 ccm. capacity pour 50 grams of 
benzene, then measure out 28 ccm. of bromine. (Bromine 
is more readily measured than weighed : the operation 
must be conducted in a good draught-chamber.) The 
quantities given are in the proportion of nearly two 
atoms of bromine for one molecule of benzene. Place 
the flask in cold water and gradually add the bromine 
to the benzene. What gas is given off? Note that 
the mixture remains highly coloured by the bromine. 
(Refer to the action of bromine on ethylene.) Now 
connect the flask, by means of an asbestos stopper * well 
luted with plaster of Paris, to an upright condenser, 
and heat the contents of the flask over wire gauze, with 
a small flame, until the evolution of hydrobromic acid 
fumes from the top of the condenser have nearly ceased.f 

The product, which has a deep red colour, is poured 
into water containing a little caustic potash ; the liquid 

* A strip of thin sheet asbestos-board, rendered pliable by moisten- 
ing with water, and wrapped round the condensing-tube until of 
sufficient thickness to form a tightly-fitting stopper. 

t By attaching a glass tube to the top of the condenser, the hydro- 
bromic acid may be absorbed in a little weak caustic potash; on 
evaporating to dryness, igniting, and subsequent crystallisation, the 
bromine may be recovered as potassium bromide. 
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monobrombenzene settles to the bottom of the vessel 
as a heavy oil. On shaking in a stoppered funnel with 
a little weak caustic potash, the liquid gradually loses 
its red colour. Separate the oil from the aqueous 
liquid, place in a flask connected with a condenser, and 
distil in a current of steam. 

The oil quickly passes over with the steam and is col- 
lected in a receiver. Separate the oil from the aqueous 
distillate as carefully as possible by means of the 
separating funnel, and dehydrate over a few pieces of 
fused calcium chloride. 

The clear liquid decanted from the calcium chloride 
is distilled over wire gauze from a Wurtz flask provided 
with a thermometer. A small quantity of benzene 
first passes over and the temperature then rises rapidly, 
the chief portion which comes over between 150-155°, 
being separately collected. The colourless distillate is 
nearly pure monobrombenzene. 

A small quantity of a crystalline residue remains in 
he flask ; this is para-dibrombenzene. This compound 
may be submitted to steam distillation, when it will 
solidify in the condenser in prismatic crystals, melting 
at 89°. Collect a sample, and after well pressing 
between filter paper and allowing to remain for a few 
hours in the desiccator, determine percentage of bromine. 

Now express in the form of an equation the action 
of bromine on benzene. What is the general action of 
the halogens on the hydrocarbons of the aromatic 
series ? 
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Action op Nitrous Acid on Aniline (a stody 

OF THE Diazo-BeACTIOJS), 
Preparation of Diazobenzene Nitrate, — Prepare some 
aniline nitrate by mixing 15 grams of aniline with 
16 grams strong nitric acid previously diluted with 
about 20 cem. of water. Drain the crystalline mass of 
nitrate from the acid liquid, and wash once or twice 
with a little cold water. Introduce into each of the 



flasks and D an equal quantity of the nitrate, and 
sufficient water to form a stiff paste. Now pass a 
current of the oxides of nitrogen, generated from 
nitric acid (60 com.) and arsenic trioxide (60 grams) 
until the material in the flasks dissolves. Special care 
must be taken that the temperature of the liquid does 
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not exceed 10° C. To this end the flasks are kept in 
ice water, and the current of gas is cooled by passing 
through the empty cylinder B surrounded by ice 
water. 

Filter, if necessary, and add to the filtrate an equal 
volume of strong alcohol, previously cooled to 0° C, 
and then a little cold ether. If the operation has 
been properly carried out, a copious precipitate of 
crystals of diazobenzene nitrate is formed. Filter off 
with the aid of a filter pump, and proceed without 
delay to study the properties of the compound. 

(a) Dissolve a little in cold water and allow the 
solution to stand. Decomposition, indicated by change 
of colour, will take place. 

(b) Boil a little with water in a small flask, and 
notice the odour of phenol. Connect flask to con- 
denser, and distil over a few ccm. Test distillate with 
bromine water. 

(c) Boil a few grams with strong alcohol in a small 
flask attached to a reversed condenser, and notice the 
odour of aldehyde. After boiling for some time add 
excess of water, and notice the light, nearly colourless 
oil, having the odour of benzene, at the top of the 
liquid. The oil can be separated by means of a sepa- 
rating funnel, and distilled with a little water, when it 
will be obtained quite colourless, and can be shown to 
be benzene. 

(d) Boil a few grams with strong hydrochloric acid 
in a small flask attached to a reversed condenser. Add 
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water, when an oil will sink to the bottom of the flask ; 
this is chlorbenzene. Note. — If hydrobromic acid is 
used instead of hydrochloric, brombenzene will be 
formed. 

(e) Dissolve about a gram in a little cold water, 
and add either aqueous hydriodic acid, or an aqueous 
solution of potassium iodide. The diazo-compound is 
rapidly decomposed, and iodobenzene separates from 
the aqueous solution as a heavy oil,, which can be puri- 
fied by distilling with steam. It is obtained as a 
colourless liquid, which soon turns red on standing. 
(B.P. 188°, sp.gr. 1-69.) 

(/) If to another portion dissolved in a little cold 
water, a little bromine, dissolved in potassium bromide, 
be added, a brown oil separates out, which, after 
pouring off the water and adding ether, solidifies ; 
this is diazo-benzene perbromide. This compound, 
boiled with alcohol or glacial acetic acid, furnishes 
brombenzene. 

(g) In all the foregoing experiments a gas is given 
off when the diazo-compound is decomposed ; this 
gas can be shown to be nitrogen. Boil a little of the 
diazo salt with water in a test-tube, and collect some 
of the gas ; show that it does not support combus- 
tion. 

Qi) Place a very small quantity of the compound, 
carefully dried by pressing between filter paper, on an 
anvil, and strike it sharply with a hammer. It 
explodes. 

K 2 
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Now write out equations for the above experiments, 
and show how, having a nitro-compound, we can convert 
it into an amido-derivative; and, by employing the diazo 
reaction, convert the latter into — (1) the corresponding 
hydroxy 1 derivative ; (2) into the corresponding chlo- 
rine, bromine, or iodine derivative ; (3) and finally how 
the amido-group can be eliminated and replaced by 
hydrogen. 

Sandmeyer'8 Modification of the Diazo Reaction for the 
substitution of Chlorine, Bromine, and Cyanogen in 
Aromatic Compounds. 

Traugott Sandmeyer has found* that diazo-com- 
pounds are very readily decomposed in the presence of 
cuprous salts, giving rise to corresponding chlorine, 
bromine, or cyanogen derivatives, according to the 
salt of copper employed. In this modification the 
diazo- compound is not isolated, as will be seen in the 
following preparations. 

Preparation of Monochlorbenzene from Aniline. — 
Prepare a solution of diazobenzene-chloride by dissolv- 
ing 30 grams aniline in 67 grams strong acid diluted 
with 200 grams water ; thoroughly cool in ice water, 
and add very slowly 23 grams sodium nitrite dissolved 
in 60 grams of water. Now, into a flask of about a 
litre capacity connected to an upright condenser, place 

* Berichte der Deutschen Chemischen Geeellschaft Jahrg., xvii.< 
1633. 
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150 grams of a 10 per cent, solution of cuprous chloride,* 
heat to the boiling-point, and allow the diazobenzene 
chloride to flow from a separatiug-funnel, drop by 
drop, down the condenser, the flask meanwhile being 
kept well shaken. Each drop of the diazobenzene 
solution, as it meets the copper solution, produces a 
yellow precipitate, which, however, at once decomposes 
with evolution of nitrogen into an oil. When all the 
diazo-solution has been added, arrange the apparatus 
for distillation, and distil oyer the chlorbenzene, 
separate the oil from the aqueous distillate, dry over 
calcium chloride, and fractionate from a small flask. 
The chlorbenzene should distil over at about 130°. 

Preparation of Brorribenzene from Aniline. — 25 grams 
of crystallised copper sulphate and 72 grams potas- 
sium bromide are dissolved in 160 grams of water ; 24 
grams of strong sulphuric acid and 40 grams of copper 
turnings are now added, and the whole boiled up in a 
flask furnished with a reversed condenser until the 
solution is almost decolourised; cool down, and add 

* The cuprous chloride solution is prepared as follows : — 25 parts 
(by weight) of crystallised copper sulphate and 12 parts sodium 
chloride are boiled together iu a flask, with 50 parts water, until 
decomposition is complete, i. e. until sodium sulphate crystallises out 
100 parts of concentrated hydrochloric acid and 13 parts of copper 
turnings are now added, and the whole gently boiled until all colour 
is discharged, the flask meanwhile being loosely stoppered. Now, so 
much concentrated hydrochloric acid is added as is sufficient to make 
up the total solution to 203*6 parts. Of the copper added only 
6*4 parts go into solution, so that we have 197 parts of a solution 
which contains 19*7 parts, that is one-tenth of the molecular weight, 
of anhydrous cuprous chloride. 
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19 grams of aniline ; heat again to the boiling-point, 
and add from a dropping-funnel a solution of 14 grams 
sodium nitrite dissolved in 80 grams of water. The 
solution must be added drop by drop down the con- 
denser, the flask in the meanwhile being kept well 
agitated. When all the nitrite has been added, arrange 
the apparatus for distillation. Separate the aqueous 
portion of distillate, and wash the oil with a little weak 
sodium hydroxide solution, then once or twice with 
water; extract with ether, carefully distil off the 
ether from a water-bath, dry the residue over a little 
calcium chloride, and proceed to carefully fractionate. 
The monobrombenzene should distil over at about 
150-152°. 

Preparation of Phenyl-cyanide from Aniline (replace" 
ment of the Amido-group by Cyanogen). — 50 grams of 
copper sulphate are dissolved in 150 grams of hot water 
contained in a flask; and to the hot solution 56 grams 
of 9 per cent, potassium cyanide solution are added. 
The precipitate which at first forms quickly dissolves, 
a quantity of prussic acid being generated (for this 
reason the operation must be carried out in a fume 
cupboard or in the open air). When all the cyanide 
has been added, the flask is attached to a reversed 
condenser, the contents heated to about 90° C, and a 
solution of diazobenzene-chloride slowly added drop 
by drop down the condenser, the flask being kept well 
agitated. The diazobenzene-chloride solution is pre- 
pared as follows : — 19 grams of aniline are dissolved in 
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200 ccm. of dilute hydrochloric acid (160 grams 
water and 40 grams strong hydrochloric acid), to this 
solution 14 grams of sodium nitrite dissolved in 40 
grams of water are slowly added, care being taken to 
keep the mixture quite cold. 

After all the solution of diazobenzene-chloride has 
been added to the copper solution, the apparatus is 
arranged for distillation. The oil which distils over 
with the water is separated as far as possible by means 
of a small separating-funnel, and the aqueous portion 
carefully extracted with ether. The latter is distilled off 
over the water-bath, and the residue mixed with the 
portion separated by means of the funnel. The whole of 
the oil is now dissolved in about four times its volume 
of ether, and the ethereal solution washed by agitation, 
first with a dilute solution of sodium hydroxide, then 
once or twice with water, and finally with a little dilute 
sulphuric acid. The ethereal liquid is carefully sepa- 
rated and allowed to stand some time over fused calcium 
chloride. The ether is distilled off over the water-bath, 
and the residue carefully distilled, noting the tempera- 
ture. It should boil near 184°. Experiment. — Into a 
small flask provided with a cork and a long tube to act 
as a condenser, place about 2 ccm. of the phenyl cyanide 
and a little alcoholic potash. Digest at a gentle heat 
for some time, and notice the odour of the gas which is 
given off. After heating for about an hour, evaporate off 
the alcohol on a water-bath ; to the residue add a little 
dilute hydrochloric acid, collect the [precipitate on a 
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filter, wash with a little cold water, dry by pressing 
between filter paper, and sublime between watch-glasses. 
On determining the melting-point of the sublimate, it 
will be found to be that of benzoic acid. Confirm by 
the ordinary reagents. 

Appendix to Diazo-Reaction. — Ludwig Gattermann 
has lately published (Ber. d. Deut. Chem. Ges. 1890, 
p. 1218), a modification of the diazo-reaction for the 
replacement of NH 2 by other radicles. The amido 
compound is diazotised in the usual way, and mixed 
with the salt whose acid radicle is to be substituted. 
Finely divided copper is then added, which brings about 
decomposition of the diazo-compound and the forma- 
tion of the desired compound, which is isolated in an 
appropriate manner. 

The application of this method to the preparation of 
Phenylisocyanate, C 6 H 5 -N = CO, from aniline will next 
be considered. — 10 grams of aniline are dissolved in a 
mixture of 100 grams water and 20 grams concentrated 
sulphuric acid. To this solution 7*5 grams of sodium 
nitrite are added, in small portions at a time, and with 
all necessary precautions. The diazotised solution is 
then poured into a porcelain dish and mixed with a 
concentrated aqueous solution of 9 grams of pure 
potassium cyanate.* 

* Preparation of pure Potassium Cyanate (Chichester, A. Bell, Chem. 
News, 32, § 99). — 100 grams of dehydrated and finely-powdered potas- 
sium ferrocyanide are intimately mixed with 75 grams of finely- 
powdered and anhydrous potassium bichromate. This mixture is 
slowly, and in portions of 3-5 grams, introduced into a large iron crucible 
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Now add, with vigorous stirring, about 5 grams of 
copper powder.* An energetic reaction tabes place, 
nitrogen is evolved, and the well-known pungent smell 
of the isocyanates is perceptible. (Note. — The opera- 
tion must be conducted in a fume closet). When 



(or glue pot) which is heated nearly to low redness over a large Bunsen 
gas-burner. As the mixture is introduced it becomes black, and care must 
be taken not to heat to fusion. During the introduction of the mixture, 
an operation that should occupy about fifteen minutes, the contents of 
the crucible are kept well stirred by means of an iron spatula. The 
product of the reaction should present a loose porous appearance. 
After cooling, it is powdered and boiled up with five times its volume 
of 80 per cent, alcohol (dry methylated spirit). The alcoholic solution 
can be poured off quite clear from the heavy residue. In order to 
separate the potassium cyanate from its alcoholic solution, the con- 
taining vessel is placed in cold water and the contents vigorously 
stirred with a glass rod. The heavy white precipitate is collected on 
a filter, and the alcoholic filtrate employed again for extracting a 
further quantity of the cyanate. This is repeated until nothing fur- 
ther separates from the alcohol. On distilling off the alcohol an 
additional quantity of cyanate may be obtained. The various portions 
of cyanate are collected on the same filter, washed with a little absolute 
alcohol, well drained on the filter-pump, and finally washed with a 
little ether. The dry salt is preserved in a stoppered bottle. 

* Preparation of Copper-powder. — To a cold saturated solution of 
copper sulphate, contained in a capacious porcelain basin, dust in, by 
the aid of a fine sieve, some recently-prepared zinc dust, and keep the 
solution well stirred throughout the operation. The addition of zino 
is discontinued when only a faint blue colour remains. By this means 
we avoid a large excess of zinc. The hot supernatant liquid is 
allowed to cool down and then removed by decantation, the heavy 
precipitate of finely divided copper is then repeatedly washed with 
cold water. In order to remove a trace of zinc, the precipitate is 
treated with some very dilute hydrochloric acid until no further evolu- 
tion of hydrogen is observed. The acid liquid is removed, the metallic 
precipitate collected on the filter-pump, well washed with water, and 
whilst in a moist state transferred to a stoppered bottle. It cannot be 
dried in the air without oxidising. 
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the reaction has somewhat moderated, add a further 
quantity of 5 grams copper powder. The oily layer 
which rises to the surface, consisting of phenyl- 
isocyanate, is removed as far as possible, by means of 
a glass spoon, from the decomposing action of the 
aqueous solution, and dissolved in ether. The addition 
of copper powder is continued until there is no 
further evolution of nitrogen. The whole of the 
ethereal solution is then filtered through cotton wool, 
carefully separated from aqueous liquid by means of a 
separating funnel, and dried over anhydrous potassium 
carbonate. The residue left after distilling off the 
ether is submitted to distillation over a small flame, 
and that portion coming over at about 163° C. collected. 
It is nearly pure phenylisocyanate. 



Action op Oxidising Agents upon Aromatic 

Compounds. 

Preparation of Benzoquinone (Quinone), C 6 H 4 2 . — 
Fifty grams of commercial aniline are dissolved in a 
mixture of 400 grams strong sulphuric acid and 
1500 grams water, contained in a large flask of about 
4 litres capacity. To the well-cooled solution of 
aniline sulphate, 175 grams of finely-powdered potas- 
sium bichromate are slowly added in small portions at 
a time. After each addition of the bichromate the 
flask must be well shaken, and care must be taken 
that the temperature of the mixture does not rise above 



i 

i 
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the ordinary atmospheric temperature. The mixture 
changes from dark green to violet-black. When all 
the bichromate has been added the mixture is heated 
for a short time to 35° 0. on the water-bath, and, after 
well cooling, extracted with small quantities of ether. 

On distilling off the ether, quinone remains in the 
form of yellow needle-shaped crystals, which are usually 
discoloured by the presence of a substance called 
quinhydrone. The quinone may be further purified 
by distilling in a current of steam and extracting the 
distillate with ether, or by crystallisation from 
petroleum spirit. 

Note. — The formation of quinone from aniline shows 
that the reaction consists in the elimination of the 
amido group and an atom of hydrogen, and the simul- 
taneous substitution of two atoms of oxygen. The 
nitrogen is removed in the form of ammonia. The 
changes taking place cannot well be expressed in the 
form of an equation. 

Quinone, when pure, melts at 116° C. It readily 
dissolves in ether and alcohol, sublimes on heating, and 
volatilises at the ordinary temperatures. 

Preparation of Phthalio Acid, C 6 H 4 <^qqtt, from 

Naphthalene. — Mix 40 grams powdered naphthalene 
with 80 grams of powdered potassium chlorate and 
add this mixture gradually to 400 grams concen- 
trated hydrochloric acid. Naphthalene tetrachloride, 
C 10 H 8 C1 4 , is formed in this reaction. Wash with water. 
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Now add gradually 400 grams of concentrated nitric 
acid (sp. gr. 1 -45), and boil in a flask connected to an 
inverted condenser. When all is dissolved, distil off 
the excess of nitric acid, pour into a porcelain basin, 
add water, and continue evaporation in order to expel 
nitric acid ; finally distil the residue. Phthalic anhy- 
dride passes over. Eecrystallise from water. Determine 
melting-point. Sublime some of the phthalic acid, 
and determine the melting-point of the phthalic 

anhydride formed (C fl H 4 <pQ>0). 

Phthalic anhydride reacts with phenols, giving rise 
to compounds known as phthaleins. 

Phenot-phthalein, C2oH 14 4 . — This interesting sub- 
stance, now so extensively used as a substitute for 
litmus in alkalimetry, is prepared in the following 
manner: — Ten grams phthalic anhydride, 20 grams 
phenol, and 8 grams cone, sulphuric acid (dehydrating 
agent), are heated together in a small flask to 115- 
120° 0. in an oil-bath for ten hours. The dark red and 
semi-fluid mass is poured into water and boiled until 
the smell of phenol has disappeared. When cool the 
yellow granular precipitate is separated by filtration, 
and washed with water. It is then dissolved in dilute 
sodium hydroxide solution, filtered from undissolved 
residue, and the filtrate acidulated with acetic acid and 
a few drops of hydrochloric acid. The solution, after 
standing a few hours, deposits phenol-phthalein as a 
light yellow crystalline powder. It is further purified 
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by dissolving in dry methylated spirit, adding about 
half its weight of freshly ignited animal charcoal, 
and digesting in a flask fitted to an inverted condenser 
on the water-bath for about an hour. The solution is 
filtered hot, the charcoal washed with a little hot 
alcohol, and the filtrate concentrated to about two- 
thirds of its bulk by evaporation or distillation. To 
the cooled solution water is added until it becomes 
turbid (about eight times the quantity of water will 
be required). The liquid is stirred and filtered to 
separate it from the resinous matter, and the filtrate 
evaporated down on the water-bath to expel alcohol. 
Phenol-phthalien will separate out as a white 
crystalline powder. 

Determine the melting-point of a sample, and 
examine its behaviour with pure sodium carbonate, 
sodium and potassium hydroxide, and with ammonium 
hydroxide. 

Explain fully the following equation : — 

m C = (C 6 H 4 OH) 2 

2C 6 H 6 OH+C 6 H 4 <X~>O^C 6 H 4 < >0 +H 2 

KjU CO 

Special Note for Student. — Phenol-phthalein has been 
shown to be a derivative of triphenylmethane. The 
manner in which this relationship has been established 
forms a nice exercise for the earnest student. 

Preparation of Anthraquinone. Estimation of An- 
thracene. — The most satisfactory method of assaying 
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Fig. 35. 



crude anthracene is based on the conversion of the 
hydrocarbon into anthraquinone by the action of oxidis- 
ing agents. The operation is carried out as follows : 
— 1 gram of the carefully sampled specimen is placed 
in a flask of about 500 ccm. capacity connected to an 
inverted condenser. 45 ccm. of glacial acetic acid are 
then added, and the contents of the flask 
brought to the boiling-point, and while boil- 
ing a solution of chromic acid is added to it 
gradually, drop by drop, see Fig. 35. The 
chromic acid solution is prepared by dissolving 
15 grams of the pure acid in 10 ccm. water 
and 10 ccm. glacial acetic acid. The addi- 
tion of the chromic acid should occupy about 
two hours, and the contents of the flask 
should be kept gently boiling for two hours 
longer, four hours in all, this being neces- 
sary to insure complete oxidation of the 
impurities. The flask is then allowed to re- 
main at rest for twelve hours, after which the 
contents are diluted with 400 ccm. of cold 
water and again left at rest for another three 
hours. The precipitated anthraquinone is 
now filtered off and well washed with cold water. 
It is next washed on the filter with a boiling hot 
solution of dilute caustic soda (1 part of soda to 100 
parts water), and finally thoroughly washed with 
hot water until the filtrate exhibits no alkaline 
reaction. The precipitate is now washed from the 
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filter by means of a jet of water into a tared 
platinum dish, the water evaporated off at 100°, and 
the residue weighed. The weight of anthraquinone 
thus obtained ought not to be regarded as representing 
pure quinone, as it usually contains a certain proportion 
of inorganic impurities. Hence, the dish should be 
gradually heated, so as to completely sublime the 
anthraquinone, and the residue obtained deducted from 
the weight previously found. Note. — If a funnel be 
placed over the dish during sublimation, the anthra- 
quinone will condense on the glass ; the sublimate can 
be collected and preserved as a specimen. Its melting- 
point should be determined. 

Preparation of Alizarin. — Weigh out 50 grams of 
fuming sulphuric acid (45 per cent, anhydride) into a 
small dry flask, and introduce in small portions an equal 
weight of finely divided anthraquinone. Keep the 
contents of the flask at about 160° for 3-4 hours. 
Dissolve the product in about 1£ litre of water, and 
neutralise with finely powdered chalk made into a thin 
cream with water ; filter. To the filtrate add a solution 
of sodium carbonate until no further precipitate is pro- 
duced, filter, and evaporate to dryness. The salt 
thus obtained is impure sodium anthraquinone sul- 
phonate. In an iron crucible (a glue-pot will answer 
as well) prepare a strong syrupy solution of caustic 
potash ; heat up to about 200° 0. (see p. 116), and add 
in small portions about 20 grams of the sulphonate. 

The heating is continued for some hours, and care 
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mti8t be taken not to exceed a temperature of 260° 0. 
If the crucible is heated in an oil-bath there is less 
risk of exceeding this temperature, and the operation 
is more under control. 

The formation of alizarin during the fusion of the 
salt with caustic potash is shown by the dark purple 
colour of the mass. When a little of this is dissolved 
in water it should form a beautiful purple-red solution. 
Continue the fusion until the mass acts in this way. 
Dissolve in a litre of water and acidify ; alizarin is 
thrown down in brown amorphous flocks. Filter off, 
dry, and sublime between watch-glasses. 

Note. — On a commercial scale the sulphonate is 
heated with strong potash solution under pressure. 
The fusion requires a long time, and is conducted at a 
lower temperature. 

Preparation of Cinnamic Acid, 6 H 6 CH : CH . CO a H, 
from Liquid Storax. — Into a capacious flask connected 
with a condenser introduce about 30 grams of liquid 
storax, along with 15 grams of ordinary crystallised 
sodium carbonate and 250 com. of water. Heat to 
boiling and pass in a rapid current of steam. When 
about 200 ccm. have been collected, the operation is 
discontinued. The distillate contains some oily drops 
of styrene (what is its formula?) which can be 
separated and preserved. The residual liquid in the 
retort is poured off from the resinous residue.* 

* This residue contains an oily substance named " styraoin," which 
is cinnyl cinnamate, C 8 H a -CH = CH-COOC 9 H,. If then the whole 
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The filtrate is mixed at first with just so much 
dilute sulphuric acid that a very small quantity of 
cinnamic acid is precipitated along with dissolved 
resin, and the liquid filtered fi;om this precipitate is 
treated with excess of sulphuric acid, which precipitates 
cinnamic acid of a tolerably white colour. It is 
further purified by dissolving in a largo quantity of 
water with as little sodium carbonate as possible, and 
again precipitating, first with a little sulphuric acid, 
and then, after filtration, with an excess of acid, by 
which treatment a white precipitate is obtained. 
Collect and wash with a little water and crystallise 
from alcohol. Pure cinnamic acid melts at 133° C. 
Determine melting-point of sample obtained as above. 

Reactions of Cinnamic Acid. — (1) Dissolve a little 
of the acid in water with the aid of ammonia, boil off 
the excess of the latter so as to obtain a solution of 
neutral ammonium cinnamate, and add a few drops of 
ferric chloride to the solution. A buff coloured precipi- 
tate is obtained very like that produced by a benzoate ; 
the two acids are, however, sufficiently distinguished 
by many other reactions, e. g. manganous chloride 



material in the flask be distilled with a strong solution of caustic potash 
or soda, the ethereal salt is saponified and oinnylio alcohol passes over. 
The milky distillate is saturated with common salt, in whose solution 
the alcohol is less soluble than in pure water ; an oily layer is formed 
which afterwards solidifies. Cinnylic alcohol crystallises from water in 
soft silky crystals, having a sweet taste and an agreeable odour of 
hyacinths, melting at 33° C, and when carefully oxidised affords first 
the aldehyde and then cinnamic acid. 



146 PBACTICAL WOBK IN ORGANIC CHEMISTRY. 

produces a whitish precipitate with a cinnamate, but 
not with a benzoate. (Try it.) 

(2) A solution of cinnamic acid boiled with peroxide 
of lead or chromic acid gives the odour of cinnamon 
and bitter almond oil (benzoic aldehyde). 

Synthesis of Cinnamie Acid. — A knowledge of the 
fact that cinnamic acid affords benzoic aldehyde on 
decomposition enabled Dr. W. H. Perkin to success- 
fully employ this substance in conjunction with acetic- 
anhydride and sodium acetate in the synthesis of cinna- 
mic acid. This method, which is known as " Perkin's 
reaction/' is applicable to substituted aromatic alde- 
hydes on the one hand and a large number of fatty 
acids on the other. 

12 '5 grams benzaldehyde, 6*5 grams sodium 
acetate previously fused and powdered, and 19 grams 
acetic anhydride, are mixed together in a small flask 
fitted to a reversed condenser and kept at a gentle 
boil for about eight hours. After cooling add water 
and a slight excess of sodium carbonate and distil off 
any unchanged benzaldehyde. After removing resinous 
by-products by filtration add at first a small quantity 
of dilute sulphuric acid, filter, and treat the filtrate 
with excess of acid, and proceed exactly as in the 
purification of cinnamic acid from liquid storax. 

Compare the acid prepared above with that obtained 
from storax. 

The manufacture of cinnamic acid has being 
considerably simplified by Dr. Caro, of Mannheim. 
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Toluene is converted into benzylene dichloride by the 
action of chlorine on the boiling hydrocarbon, and this 
is heated directly with sodium acetate, when the 
following reaction takes place — 

C 6 H 6 .CHCl a + CH 3 -CO-ONa = C 6 H 6 Cfl = CH-COOH 

+ NaCl + HC1. 

The cinnamic acid thus obtained is the starting 
point for the production of artificial indigo. 

Preparation of Indigotin, C 8 H 5 NO, from Commercial y 
Indigo. (Operation to be made roughly quantitative.) — 
About five grams of finely powdered indigo are well 
mixed in a mortar with an equal weight of pure recently- 
slaked lime. The mixture is transferred to a stoppered 
bottle of. known capacity (about one litre), the mortar 
being well rinsed with water which is added to the 
contents of the bottle. The latter is now heated in a 
water-bath for some hours and a quantity of powdered 
ferrous sulphate is added; the bottle is now filled 
up with hot water, the stopper inserted, and after the 
contents have been well shaken the whole is left at 
rest for about 12 hours, till the indigo is reduced and 
the sediment has sunk to the bottom. A portion of 
the clear liquor is then drawn off with a siphon, 
and the quantity of liquid having been accurately 
measured (say 250 ccm.), it is mixed with an excess 
of hydrochloric acid and oxidised by forcing a gentle 
current of air through the solution; the precipitate 
is collected on a tared filter and washed with water. 
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It is then dried in the water-oven and weighed, and 
the quantity of indigotin obtained calculated on the 
total quantity of indigo employed. 

Experiments with Indigo. — The yellow supernatant 
liquid obtained in the reduction of indigo represents 
the " cold vat " of the dyer. 

(1) Take a small piece of white calico, and having 
cleansed thoroughly in boiling water, soak it in the 
clear liquid left in the bottle, and then remove into 
the air. It soon acquires a blue colour. 

Note. — Explain the changes brought about in the 
foregoing experiments. 

(2) Drop a little of the pure indigotin obtained as 
above on a piece of heated platinum foil ; notice that it 
volatilises in purple vapours, leaving little or no residue. 
Eepeat, using commercial indigo, and notice residue 
left. 

(3) Stir up a little indigotin with water into a thin 
paste and test separate portions with (a) chlorine water, 
(b) bromine water, and (c) nitric acid, strong and 
dilute. 

(4) Treat separate portions of indigotin with strong 
sulphuric acid and with fuming acid. 

Preparation of Isatin, C 8 H 6 N0 2 , from Indigo. — 250 
grams of finely powdered good commercial indigo are 
stirred up in a large dish to a thin paste with water ; 
the mixture is then placed over a water-bath and 
heated up to 90-95° C. Commercial nitric acid is 
now added in successive portions of about 10 ccm*, 
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until the blue colour has disappeared (from 150 to 
180 grams of acid will be required). After each 
addition of nitric acid it is necessary to wait until the 
effervescence which is produced is over before adding 
more acid. If no effervescence takes place, in conse- 
quence of the indigo being mixed with too much water 
or not sufficiently heated, and the addition of nitric 
acid is continued, a violent reaction suddenly ensues 
when the solution has reached a certain concentration, 
the mass overflowing the vessel. The operation must 
not therefore be hurried, and the contents of the dish 
must be kept well stirred. Hot water must also be 
added from time to time, to replace that lost by 
evaporation. 

When the necessary amount of nitric acid has been 
added, the solution is mixed with about four times its 
volume of hot water, and the whole boiled up and 
filtered as rapidly as possible ; after standing 12 hours 
the isatin separates in reddish crystalline nodules. 
The mother-liquor is again boiled up with the undis- 
solved residue and filtered, the operation being two or 
three times repeated. The mother-liquor yields more 
isatin on evaporation. 

In order to purify the crude isatin it is neccessary 
to moisten the crystals with water containing a little 
ammonia (to remove resinous blatter); then wash 
with a little cold water and crystallise from hot 
alcohol. Another method of purification, when the 
isatin is contaminated with much resinous matter, is as 

l 3 
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follows :— The crude isatin is dissolved in moderately 
strong caustic potash, and dilute hydrochloric acid 
added to the solution as long as it forms a black or 
brown precipitate ; when a portion on filtering is of a 
pure yellow colour, and gives a highly red precipitate 
with hydrochloric acid, the whole solution is filtered off 
and the precipitation completed by the further addition 
of hydrochloric acid. The precipitate is collected, 
washed with water, and crystallised, if necessary, from 
alcohol. 

Properties of Isatin. — Isatin does not unite with acids, 
but plays the part of an acid, exchanging an atom of 
hydrogen for an equivalent of metal. Of the salts of 
isatin we may prepare that of silver, which is obtained 
as a wine-red crystalline precipitate by mixing silver 
nitrate with an alcoholic solution of isatin. Collect 
and wash with a little alcohol, and allow to dry in the 
desiccator. When dry determine percentage of silver. 

Isatin dissolves in strong sulphuric acid, and this 
solution is used as a test for thiophene in benzene. 

Experiment. — Agitate a few ccm. of commercial 
benzene with the solution of isatin in strong sulphuric 
acid : a deep blue colouration is produced, due to the 
formation of indophenin, — 

C 8 H 6 N0 2 + C 4 H 4 S = 12 H 7 NS0 + H a O. 
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The Engineers' Sketch-Book of Mechanical Move- 
ments, Devices, Appliances, Contrivances, Details employed in the Design 
and Construction of Machinery for every purpose. Collected from 
numerous Sources and from Actual Work. Classified and Arranged for 
Reference. Nearly 2000 Illustrations, By T. B. Barber, Engineer. 
8vo, cloth, Js. 6d. 

A Pocket-Book for Chemists > Chemical Manufacturers, 

Metallurgists, Dyers, Distillers, Brewers, Sugar Refiners, Photographers, 
Students, etc., etc. By Thomas Bayley, Assoc R.C. Sc. Ireland, Ana. 
lytical and Consulting Chemist and Assayer. Fourth edition, with 
additions, 437 pp., royal 32mo, roan, gilt edges, $s. 

Synopsis of Contents : 

Atomic Weights and Factors— Useful Data — Chemical Calculations— Rules for Indirect 
Analysis— Weights and Measures — Thermometers and Barometers — Chemical Physics— 
Boiling Points, etc. — Solubility of Substances — Methods of Obtaining Specific Gravity — Con- 
version of Hydrometers — Strength of Solutions by Specific Gravity— Analysis — Gas Analysis — 
Water Analysis— Qualitative Analysis and Reactions — Volumetric Analysis — Manipulation — 
Mineralogy — Assaying — Alcohol — Beer — Sugar — M iscellaneous Technological matter 
relating to Potash, Soda, Sulphuric Add, Chlorine, Tar Products, Petroleum, Milk, Tallow, 
Photography, Prices, Wages, Appendix, etc., etc. 

The Mechanician : A Treatise on the Construction 

and Manipulation of Tools, for the use and instruction of Young Engineers 
and Scientific Amateurs, comprising the Arts of Blacksmithing and Forg- 
ing ; the Construction and Manufacture of Hand Tools, and the various 
Methods of Using and Grinding them ; description of Hand and Machine 
Processes ; Turning and Screw Cutting. By Cameron Knight, 
Engineer. Containing 1 147 illustrations, and 397 pages of letter-press. 
Fourth edition, 4to, cloth, i&r. 
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Just Published, in Demy Zvo, cloth, containing 975 pages and 350 Illustrations, price 7s, 6d, 

SPONS' HOUSEHOLD MANUAL: 

A Treasury of Domestic Eeceipts and Guide for Home Management. 

PRINCIPAL CONTENTS. 

Hints for selecting" a g"OOd House, pointing out the essential requirements for 
a good house as to the Site, Soil, Trees, Aspect, Construction, and General Arrangement ; 
with instructions for Reducing Echoes, Waterproofing Damp Walls, Curing Damp Cellars. 

Sanitation* — What should constitute a good Sanitary Arrangement ; Examples (with 
Illustrations) of Well- and Ill-drained Houses ; How to Test Drains ; Ventilating Pipes, etc. 

Water Supply— Care of Cisterns ; Sources of Supply ; Pipes ; Pumps ; Purification 
and Filtration of Water. 

Ventilation and Warming". — Methods of Ventilating without causing cold 
draughts, by various means ; Principles of Warming ; Health Questions ; Combustion ; Open 
Grates ; Open Stoves ; Fuel Econo misers ; Varieties of Grates ; Close-Fire Stoves ; Hot-air 
Furnaces ; Gas Heating ; Oil Stoves ; Steam Heating ; Chemical Heaters ; Management ot 
Flues ; and Cure of Smoky Chimneys. 

Lighting". — The best methods of Lighting ; Candles, Oil Lamps, Gas, Incandescent 
Gas, Electric Light ; How to test Gas Pipes ; Management of Gas. 

Furniture and Decoration.— Hints on the Selection of Furniture; on the most 
approved methods of Modern Decoration ; on the best methods of arranging Bells and Calls ; 
How to Construct an Electric Bell. 

Thieves and Fire. — Precautions against Thieves and Fire ; Methods of Detection ; 
Domestic Fire Escapes ; Fireproofing Clothes, etc. 

The Larder.— Keeping Food fresh for a limited time ; Storing Food without change, 
such as Fruits, Vegetables, Eggs, Honey, etc. 

Curing Foods for lengthened Preservation, as Smoking, Salting, Canning, 
Potting, Pickling, Bottling Fruits, etc. ; Jams, Jellies, Marmalade, etc 

The Dairy. — The Building and Fitting of Dairies in the most approved modern style ; 
Butter-making ; Cheesemaking and Curing. 

The Cellar.— Building and Fitting ; Cleaning Casks and Bottles ; Corks and Corking ; 
ABrated Drinks ; Syrups for Drinks ; Beers ; Bitters ; Cordials and Liqueurs ; Wines ; 
Miscellaneous Drinks. 

# The Pantry. — Bread-making ; Ovens and Pyrometers ; Yeast ; German Yeast ; 
Biscuits; Cakes ; Fancy Breads; Buns. 

The Kitchen.— On Fitting Kitchens ; a description of the best Cooking Ranges, close 
and open ; the Management and Care of Hot Plates, Baking Ovens, Dampers, Flues, and 
Chimneys; Cooking by Gas; Cooking by Oil; the Arts of Roasting, Grilling, Boiling, 
Stewing, Braising, Frying. 

Receipts for Dishes —Soups, Fish, Meat, Game, Poultry, Vegetables, Salads, 
Puddings, Pastry, Confectionery, Ices, etc., etc. ; Foreign Dishes. 

The Housewife's Room.— Testing Air, Water, and Foods ; Cleaning and Renovat- 
ing ; Destroying Vermin. 

Housekeeping 1 , Marketing*. 

The Diningr-Room.— Dietetics ; Laying and Waiting at Table : Carving ; Dinners, 
Breakfasts, Luncheons, Teas, Suppers, etc 

The Drawingr-Room.— Etiquette; Dancing; Amateur Theatricals; Tricks and 
Illusions ; Games (indoor). 

The Bedroom and Dressing- Room ; Sleep ; the Toilet ; Dress ; Buying Clothes ; 
Outfits ; Fancy Dress. 

The Nursery.— The Room ; Clothing ; Washing ; Exercise ; Sleep ; Feeding ; Teeth- 
ing ; Illness ; Home Training. 

The Siok-Room.— The Room ; the Nurse ; the Bed; Sick Room Accessories ; Feeding 
Patients ; Invalid Dishes and Drinks; Administering Physic ; Domestic Remedies; Accidents 
and Emergencies ; Bandaging; Burns ; Carrying Injured Persons ; Wounds ; Drowning ; Fits ; 
Frost-bites; Poisons and Antidotes; Sunstroke; Common Complaints; Disinfection, etc. 
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The Bath-Room. — Bathing in General ; Management of Hot-Water System. 

s The Laundry- — Small Domestic Washing Machines, and methods of getting up linen ; 
Fitting up and Working a Steam Laundry. 

The Sohool-Room. — The Room and its Fittings ; Teaching, etc. 

The Playground* — Air and Exercise; Training; Outdoor Games and Sports. 

The Workroom..— 'Darning, Patching, and Mending Garments. 

The Library.— Care of Books. 

The Garden.— Calendar of Operations for Lawn, Flower Garden, and Kitchen 
Garden. 

The Farmyard.— Management of the Horse, Cow, Pig, Poultry, Bees, etc., etc. 

Small Motors.— A description of the various small Engines useful for domestic 
purposes, from x man to z horse power, worked by various methods, such as Electric 
Engines, Gas Engines, Petroleum Engines, Steam Engines, Condensing Engines, Water 
Power, Wind Power, and the various methods of working and managing them. 

Household Law.— The Law relating to Landlords and Tenants, Lodgers, Servants, 
Parochial Authorities, Juries, Insurance, Nuisance, etc. 

On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst. Mech. Engineers, Author of 'Designing Valve 
Gearing.' Fcap. 8vo, sewed, 6d. 

A Handbook of Formula, Tables, and Memoranda, 

for Architectural Surveyors and others engaged in Building, By J. T. 
Hurst, C.E. Fourteenth edition, royal 32010, roan, &r. 

''It is no disparagement to the many excellent publications we refer to, to say that in our 
opinion this little pocket-book of Hurst's is the very best of them all, without any exception. 
It would be useless to attempt a recapitulation of the contents, for it appears to contain almost 
everything that anyone connected with building could require, and, best of all, made up in a 
compact form for carrying in the pocket, measuring only 5 in. by 3 in., and about f in. thick, 
in a limp cover. We congratulate the author on the success of his laborious and practically 
compiled little book, which has received unqualified and deserved praise from every profes- 
sional person to whom we have shown it."— The Dublin Builder, 

Tabulated Weights of Angle, Tee, Bulb, Round, 

Square, and Flat Iron and Steel, and other information for the use of 
Naval Architects and Shipbuilders. By C. H. Jordan, M.I.N. A. Fourth 
edition, 32mo, cloth, 2s. 6d. 

A Complete Set of Contract Documents for a Country 

Lodge, comprising Drawings, Specifications, Dimensions (for quantities), 
Abstracts, Bill of Quantities, Form of Tender and Contract, with Notes 
by J. Leaning, printed in facsimile of the original documents, on single 
sheets fcap., in paper case, I or. 

A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, &c. By Thomas 
Box.  With 14 plates. Sixth edition, crown 8vo, cloth, I2J. 6d. 

A Descriptive Treatise on Mathematical Drawing 

Instruments: their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W. F. Stanley, M.R.I. Sixth edition, with numerous illustrations, 
crown 8vo, cloth, $s. 
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Quantity Surveying. By J. Leaning, With 42 illus- 
trations. Second edition, revised, crown 8vo, cloth, 9*. 

Contents : 



A complete Explanation of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Medes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming. 
Credits, with various Examples of Treatment 
Abbreviations. 
Squaring^ the Dimensions. 
Abstracting, with Examples in illustration of 

each Trade. 
BiUing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 

Do. BUI of Credits. 

Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of BilL 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuation of Work, with 

Examples and Remarks upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Old Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of " Taking Off" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 



Spons 9 Architects' and Builders Price Book, with 

useful Memoranda, Edited by W. Young, Architect. Crown 8vo, cloth, 
red edges, 3-r. 6d. Published annually. Seventeenth edition. Now ready. 

Long-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed Type Systems of Construction, with numerous 
Formulae and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst C.E. Plates, crown 8vo, 
cloth, 5-r. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs, By August Ritter, Ph.D., Professor at the Polytechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt. R.E. With 500 illustrations, 8vo, cloth, 15*. 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Sixth 
edition, reprinted from the third, crown 8vo, cloth, \zs. 6d. 

Section I. On the Equality and Distribution of Forces — Section II. Resistance of 
Timber— Section III. Construction of Floors— Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas— Section VI. Construction of Partitions- 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges — Section IX. Coffer-dams, Shoring, and Strutting — Section X. Wooden Bridges 
and Viaducts— Section XI. Joints, Straps, and other Fastenings— Section XII. Timber. 

The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, Is. 6d. 
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Practical Gold-Mining': a Comprehensive Treatise 

on the Origin and Occurrence of Gold-bearing Gravels, Rocks and Ores, 
and the methods by which the Gold is extracted. By C. G. Warnford 
Lock, co-Author of * Gold : its Occurrence and Extraction.' With 8 plates 
and 275 engravings in the text, royal 8vo, cloth, 2/. 2s, 

Hot Water Supply : A Practical Treatise upon the 

Fitting of Circulating Apparatus in connection with Kitchen Range and 
other Boilers, to supply Hot Water for Domestic and General Purposes. 
With a Chapter upon Estimating. Fully illustrated, crown 8vo, cloth, 3;. 

Hot Water Apparatus : An Elementary Guide for 

the Fitting and Fixing of Boilers and Apparatus for the Circulation of 
Hot Water for Heating and for Domestic Supply, and containing a 
Chapter upon Boilers and Fittings for Steam Cooking. 32 illustrations, 
fcap. 8vo, cloth, is. 6d, 

The Use and Misuse, and the Proper and Improper 

Fixing of a Cooking Range, Illustrated, fcap. 8vo, sewed, 6d. 

Iron Roofs : Examples of Design, Description. Illus- 
trated with 64 Working Drawings of Executed Roofs, By Arthur T. 
Walmisley, Assoc. Mem. Inst C.E. Second edition, revised, imp. 4to, 
half-morocco, 3/. 3*. 

A History of Electric Telegraphy, to the Year 1837. 

Chiefly compiled from Original Sources, and hitherto Unpublished Docu- 
ments, by J. J. Fahie, Mem. Soc. of TeL Engineers, and of the Inter- 
national Society of Electricians, Paris. Crown 8vo, cloth, gs, 

Spons* Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 
No. 1, Ceylon. By Abraham Deans, C.E. 2s. 6d. 

Contents : 

Introductory Remarks— Natural Productions— Architecture and Engineering— Topo- 
graphy, Trade, and Natural History— Principal Stations — Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.L With 
Map. y. 6d. Contents : 

General Description of South Africa—Physical Geography with reference to Engineering 
Operations — Notes on Labour and Material in Cape Colony— Geological Notes on Rock 
Formation in South Africa — Engineering Instruments for Use in South Africa— Principal 
Public Works in Cape Colony : Railways, Mountain Roads and Passes, Harbour Works, 
Bridges, Gas Works, Irrigation and Water Supply, Lighthouses, Drainage and Sanitary 
Engineering, Public Buildings, Mines— Table of Woods in South Africa — Animals used for 
Draught Purposes— Statistical Notes — Table of Distances— Rates of Carriage, etc. 

No. 3. India. By F. C Danvers, Assoc. Inst C.E. With Map. 4*. 6d. 

Contents : 

Physical Geography of India— Building Materials— Roads— Railways— Bridges— Irriga- 
tion— River Works— Harbours— Lighthouse Buildings— Native Labour— The Principal 
Trees of India— Money— Weights and Measures— Glossary of Indian Terms, etc. 
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Our Factories, Workshops, and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaite, Assoc. 
Mem. Inst C.E. With 183 wood engravings, crown 8vo, cloth, $s. 

A Practical Treatise on Coal Mining. • By George 

G. Andr£, F.G.S., Assoc. Inst C.E., Member of the Society of Engineers. 
With 82 lithographic plates. 2 vols., royal 4to, cloth, 3/. 12s. 

A Practical Treatise on Casting and Founding, 

including descriptions of the modern machinery employed in the art. By 
N. E. Spretson, Engineer. Fifth edition, with 82 plates drawn to 
scale, 412 pp., demy 8vo, cloth, i&r. 

The Depreciation of Factories and their Valuation. 

By Ewing Matheson, M. Inst. C.E. 8vo, cloth, 6s. 

A Handbook of Electrical Testing. By H. R. Kempe, 

M.S.T.E. Fourth edition, revised and enlarged, crown 8vo, cloth, i6>. 

The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. Hoskins, 
F.RJ.B.A. Third edition, fcap. 8vo, cloth, is. 6a\ 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. 
West, Practical Iron Moulder and Foundry Foreman. Second edition, 
with numerous illustrations ', crown 8vo, cloth, ioj. 6d. 

The Maintenance of Macadamised Roads. By T. 

Codrington, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales. 8vo, cloth, 6/. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery. By Frederick Colyer, M. Inst C.E., M. Inst M.E. 
With 73 plates, 8vo, cloth, i8j. 

Pumps and Pumping Machinery. By F. Colyer, 

M.T.C E., M.LM.E. With 23 folding plates, 8vo, cloth, 12s. 6d. 

Pumps and Pumping Machinery. By F. Colyer. 

Second Part. With 1 1 large plates, 8vo, cloth, 12s. 6d. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc' By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc., etc. With 10 plates, crown 8vo, cloth, 'js. 6d. 
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Gas Works : their Arrangement, Construction, Plant, 

and Machinery. By F. Colyer, M. Inst. C.E. With %\ folding plates % 
8vo, cloth, I2J. 6a\ 

The Municipal and Sanitary Engineer s Handbook. 

By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. With numerous illustrations, demy 8vo, cloth, i&r. 6d. 

Contents : 

The Appointment and Duties of the Town Surveyor— -Traffic— Macadamised Roadways- 
Steam Rolling — Road Metal and Breaking — Pitched Pavements — Asphalte— Wood Pavements 
— Footpaths— ^Kerbs and Gutters — Street Naming and Numbering— Street Lighting— Sewer- 
age— Ventilation of Sewers — Disposal of Sewage— House Drainage— Disinfection— Gas and 
Water Companies, etc.* Breaking up Streets — Improvement of Private Streets — Borrowing 
Powers— Artisans* and Labourers^ Dwellings— Public Conveniences— Scavenging, including 
Street Cleansing — Watering and the Removing of Snow— Planting Street Trees — Deposit of 
Plansy- Dangerous Buildings— Hoardings— Obstructions— Improving Street Lines — Cellar 
Openings — Public Pleasure Grounds — Cemeteries — Mortuaries — Cattle and Ordinary Markets 
—Public Slaughter-houses, etc.— Giving numerous Forms of Notices, Specifications,- and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 

Metrical Tables. By Sir G. L. Moles worth, 

M.I.C.E. 32mo, cloth, is. 6d. 

Contents. 

General— Linear Measures — Square Measures — Cubic Measures— Measures of Capacity— 
Weights — Combinations — Thermometers. 

Elements of Construction for Electro-Magnets. By 

Count Th. Du Moncel, Mem. de l'lnstitut de France. Translated from 
the French by C. J. Wharton. Crown 8vo, cloth, 4J. 6d. 

A Treatise on the Use of Belting for the Transmis- 
sion of Power. By J. H. Cooper. Second edition, illustrated, 8vo, 
cloth, 1 5 j. 

A Pocket-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers. By Sir Guilford L. Molesworth, 
Mem. Inst C.E. With numerous illustrations, 744 pp. Twenty-second 
edition, 32mo, roan, 6s. 

Synopsis of Contents: 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc.— Struts, Columns, Beams, and Trusses— Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads— Hydraulic Formulae— Canals. Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warming— Heat, 
Light, Colour, and Sound — Gravity : ^ Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafting, etc.— Workshop Recipes — Sundry Machinery— Animal Power— Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc. — Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— Gunnery, Projectiles, etc.— Weights, 
Measures, and Money— Trigonometry, Come Sections, and Curves— Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles— Logarithms, Square and 
Cube Roots, Powers— Reciprocals, etc.— Useful Numbers— Differential and Integral Calcu- 
lus—Algebraic Signs— Telegraphic Construction and Formulae. 
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Hints on Architectural Draughtsmanship. By G. W. 

Tuxfo&d Hallatt. Fcap. 8vo, cloth, is. 6d. 

Spons Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook,' ' Hurst's Tredgold's Carpentry,' etc. Eleventh 
edition, 641110, roan, gilt edges, is. ; or in cloth case, is. 6d. 
This work is printed in a pearl type, and is so small, measuring only a£ in. by if in. by 
4 in. thick, that it may be easily carried in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but a} in. by if in., yet these dimensions faithfully represent the size of the handy 
little book before us. The volume— which contains 118 printed pages, besides a few blank 
pages for memoranda— -is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety of information than most people 
would imagine could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion. "—Engineering. 

A Practical Treatise on Natural and Artificial 

Concrete, its Varieties and Constructive Adaptations. By Henry Reid, 
Author of the ' Science and Art of the Manufacture of Portland Cement.' 
New Edition, with 59 woodcuts and 5 plates, 8vo, cloth, 15*. 

Notes on Concrete and Works in Concrete; especially 

written to assist those engaged upon Public Works. By John Newman, 
Assoc. Mem. Inst C.E., crown 8vo, cloth, 4s. 6d. 

Electricity as a Motive Power. By Count Th. Du 

Moncel, Membre de l'lnstitut de France, and Frank Geraldy, Inge*- 
nieur des Ponts et Chauss&s. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc Soc TeL Eng. and Elec. With 113 engravings 
and diagrams, crown 8vo, cloth, *js. 6d. 

Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner, 
Professor of Applied Mechanics at the Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa. Illustrated, 8vo, cloth, I2j. 6d. 

The French- Polishers Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6d. 

Hops, their Cultivation, Commerce, and Uses in 

various Countries. By P. L. Simmonds. Crown 8vo, cloth, 4s. 6d. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Major Royal Engineers. With 112 illustrations. 
Second edition, 4*0, cloth, 12s. 6d. 
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Dynamo Tenders' Hand-Book. By F. B. Badt, late 

1st Lieut. Royal Prussian Artillery. With Jo illustrations. Third edition, 
i8mo, cloth, 4r. 6d. 

Practical Geometry \ Perspective, and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 21 plates. 2 vols., cloth, I or. 6d. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, crown 8vo, cloth, 5/. 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas. By William Richards. Demy 4*0, with numerous 
wood engravings and 29 plates, cloth, 2&r. 

Synopsis of Contents : 

Introduction— • History of Gas Lighting— Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S. — Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs.— Retorts, Iron and Clay — Retort Setting — Hydraulic Main — Con- 
densers— Exhausters —Washers and Scrubbers— Purifiers —Purification— History of Gas 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station Meter — Governor — Distribution — 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.— 
Services— Consumers' Meters — Regulators— •Burners— Fittmgs— Photometer— Carbtu-kation 
of Gas— Air Gas and Water Gas-^Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix— Description of Retort Settings, Buildings, etc., etc. 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter. Translated from articles in 
the ' Cultur-Ingenieur,' by Lowis D'A. Jackson, Assoc. Inst C.E. 
8vo, cloth, \2s. 6d. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3*. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. With plates, 8vo, cloth, 12s. 6d. 
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Perspective, Explained and Illustrate^. By G. S. 

Clarke, Capt R.E. With illustrations, 8vo, cloth, y. 6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Ninth edition, 
numerous plates % post 8vo, cloth, 5/. 

The Essential Elements of Practical Mechanics; 

based on the Prineiple of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 wood engravings, post 8vo, cloth, 
p. 6d. 

Contents : 

Chap. 1. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time— Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion — Chap. 3. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies— Chap. 4. The Transmission of Work by 
simple Machines— Chap. 5. Useful Propositions and Rules. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E. , 
M.I.M.E. With 20 plates, 8vo, cloth, 12s. 6d. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II plates. Second edition, revised and enlarged, small 4to, cloth, 12s, 6d. 

A Practical Treatise on Mill-gearing, Wheels, Shafts, 

Rigger** **'•; for the use of Engineers. By THOMAS Box. Third 
edition, with 1 1 plates. Crown 8vo, cloth, Js. 6d, 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andr£, F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2j. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting — Ventilation — Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals, 

Roads, etc,, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated 32mo, cloth, 2j. 6d, 
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Practical Electrical Notes and Definitions for the 

use of Engineering Students and Practical Men. By W. Perren 
Maycock, Assoc. M. Inst. E.E., ^Instructor in Electrical Engineering at 
the Pitlake Institute, Croydon, together with the Rules and Regulations 
to be observed in Electrical Installation Work. Royal 32mo, cloth. 

The Draughtsman's Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colour s). By G. G. Andre 1 , 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9;. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Problems — Lines, Dots, and their 
Combinations-— Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
— Civil Engineers' and Surveyors' Plans— Map Drawing— Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometrical Formula, etc., etc. 

The Boiler-maker s andiron Ship-builders Companion^ 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Fodbn, 
author of * Mechanical Tables,' etc. Second edition revised, with illustra- 
tions ^ crown 8vo, cloth, 5j. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andrk^ 
F.G.S., Assoc Inst C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
lOs.6d. 

Experimental Science: Elementary, Practical, and 

Experimental Physics. By Geo. M. Hopkins. Illustrated by 672 
engravings. In one large vol., 8vo, cloth, i8j. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3«r. 

Laxtotis Builders and Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5-r. 

Laxtotis Builders' and Contractors' Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, £r. 
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Egyptian Irrigation. By W. Willcocks, M.I.C.E., 

Indian Public Works Department, Inspector of Irrigation, Egypt. With 
Introduction by Lieut-Col. J. C. Ross, R.E., Inspector-General of 
Irrigation. With numerous lithographs and wood engravings, royal 8vo, 
cloth, i/. i6j. 

Screw Cutting Tables for Engineers and Machinists \ 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.&A.S., 
etc. Cloth, oblong, 2s. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, is. t or sewed, 6d. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst Mechanical Engineers. Crown 8vo, doth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d. 

A Glossary of Terms used in Coal Mining. By 

William Stukelky Gresley, Assoc. Mem. Inst C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagrams, crown 8vo, cloth, y. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, $s. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hippolyte Fontaine, translated 
from the French by J. A. Berly, C.E., Assoc. S.T.E. With engravings. 
8vo, cloth, 9/. 
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Barlow s Tables of Squares, Cubes, Square Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, 6s. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates, in one Volume, half-bound morocco, 2/. 2x. ; 
or cheaper edition, cloth, 25s. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, _ Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat ana Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estimating Quantities, etc., with a 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc By H. S. Merrett. Fourth edition, revised 
by G. W. Usill, Assoc. Mem. Inst. C.E. 41 plates, with illustrations 
and tables, royal 8vo, cloth, 12s. 6d. 

Principal Contents : 

Part 1. Introduction and the Principles of Geometry. > Part a. Land Surveying; com- 

? rising General Observations— The Cham— Offsets Surveying by the Chain only—Surveying 
lilly Ground — To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite — Mining and Town Surveying — Railroad Surveying— Mapping— Division and 
Laying out of Land— Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Simple and Compound Levelling— The Level Book— Parliamentary Plan and Section- 
Levelling with a Theodolite — Gradients— Wooden Curves — To Lay out a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates — Cuttings and 
Embankments — Tunnels— Brickwork — Ironwork— Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting — The Improved Dumpy Level— Troughton's 
Level— The Prismatic Compass — Proportional Compass— Box Sextant — Vernier— Panta- 
graph — Merrett's Improved Quadrant— Improved Computation Scale— The Diagonal Scale- 
Straight Edge and Sector. Part 6. Logarithms of Numbers— Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents — Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Mechanical Graphics. A Second Course of Me- 
chanical Drawing. With Preface by Prof. Perry, B.Sc, F.R.S. 
Arranged for use in Technical and Science and Art Institutes, Schools 
and Colleges, by George Halliday, Whitworth Scholar. 8vo f 
cloth, 6s. 
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The Assayers Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by \V. T. Brannt. With 65 
illustrations , 8vo, cloth, 12s. 6d. 

Dynamo - Electric Machinery : a Text - Book for 

Students of Electro-Technology. By Silvan us P. Thompson, B.A., 
D.Sc, M.S.T.E. [New edition in the press. 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc., with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Third edition, with wood engravings, crown 8vo, cloth, 6s. 

Contents : 

On Lathes— Turning Tools— Turning Wood — Drilling — Screw Cutting— Miscellaneous 
Apparatus and Processes— Turning Particular Forms — Staining— Polishing— Spinning Metals 
— Materials— Ornamental Turning, etc. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown 
8vo, cloth, 6s. 6d, 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools — Time— Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
up — The Verge — The Horizontal— The Duplex— The Lever— The Chronometer — Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes— Clerkenwell — Fallacies of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of • A Handbook of the Differ- 
ential Calculus/ etc. Second edition, crown 8vo, cloth, 2s. 6d. 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity — 
Positive and Negative Quantities — Multiplication — Involution — Exponents— Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — Tables of Logarithms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem— Division, 
Fractions, and Ratio— Continued Proportion— The Series and the Summation of the Series- 
Limit of Series— Square and Cube Roots— Equations — List of Formulae, etc. 

Spons 9 Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo, 
in 8 divisions, 5/. &r. Complete in 3 vols., cloth, 5/. 5*. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 61. 12s. 
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Notes in Mechanical Engineering. Corfipiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London 'College. By Henry Adams, Mem. Inst. M.E. 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 2s. 6d. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustrations and 24 plates of 
Working Drawings. Crown 8vo, cloth, 9*. 

Proceedings of the National Conference of Electricians, 

Philadelphia, October 8th to 13th, 1884. i8mo, cloth, y. 

Dynamo - Electricity \ its Generation, Application, 

Transmission, Storage, and Measurement. By G. B. Prescott. With 
545 illustrations. 8vo, cloth, \l. is. 

Domestic Electricity for Amateurs, Translated from 

the French of E. Hospitalier, Editor of " L'Electricien," by C. J. 
Wharton, Assoc. Soc. Tel. Eng. Numerous illustrations. Demy 8vo, 
cloth, 6s. 

Contents: 

x. Production of the Electric Current— 2. Electric Bells— 3. Automatic Alarms — 4. Domestic 
Telephones — 5. Electric Clocks— 6. Electric Lighters— 7. Domestic Electric Lighting— 
8. Domestic Application of the Electric Light — 9. Electric Motors — 10. Electrical Locomo- 
tion — n. Electrotyping, Plating, and Gilding — ia. Electric Recreations— 13. Various appli- 
cations — Workshop of the Electrician. 

Wrinkles in Electric L ighting. By Vincent Stephen. 

With illustrations. l8mo, cloth, 2s. 6d. 

Contents : 

1. The Electric Cnrrent and its production by Chemical means — a. Production of Electric 
Currents by Mechanical means— 3. Dynamo- Electric Machines — 4. Electric Lamps— 
5. Lead — 6. Ship Lighting. 

Foundations and Foundation Walls for all classes of 

Buildings, Pile Driving, Building Stones and Bricks, Pier and Wall 
construction, Mortars, Limes, Cements, Concretes, Stuccos, &c 64 illus- 
trations. By G. T. Powell and F. Bauman. 8vo, cloth, 10s, 6d. 

Manual for Gas Engineering Students. By D. Lee. 

i8mo, cloth, is. 
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Hydraulic Machinery, Past and Present. A Lecture 

delivered to the London and Suburban Railway Officials' Association. 
By H. Adams, Mem. Inst. C.E. Folding plate. 8vo, sewed, is. 

Twenty Years with the Indicator. By Thomas Pray, 

Jun., C.E., M.E., Member of the American Society of Civil Engineers. 
2 vols., royal 8vo, cloth, lis. 6d. 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1889. Issued June 1890. 8vo, sewed, $s. 

Bad Drains, and How to Test them ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crown 
8vo, cloth, y. 6d. 

Well Sinking. The modem practice of Sinking 

and Boring Wells, with geological considerations and examples of Wells. 
By Ernest Spon, Assoc. Mem. Inst. C.E., Mem. Soc. Eng., and of the 
Franklin Inst., etc. Second edition, revised and enlarged. Crown 8vo, 
cloth, iar. 6d. 

The Voltaic Accumulator : an Elementary Treatise. 

By £mile Reynier. Translated by J. A. Berly, Assoc. Inst. E.E. 
With 62 illustrations, 8vo, cloth, gs. 

List of Tests {Reagents), arranged in alphabetical 

order, according to the names of the originators. Designed especially 
for the convenient reference of Chemists, Pharmacists, and Scientists. 
By Hans M. Wilder. Crown 8vo, cloth, 4s. 6d. 

Ten Years Experience in Works of Intermittent 

Downward Filtration. By J. Bailey Denton, Mem. Inst. C.E. 
Second edition, with additions. Royal 8vo, sewed, 4*. 

A Treatise on the Manufacture of Soap and Candles, 

Lubricants and Glycerin. By W. Lant Carpenter, B.A., B.Sc (late 
of Messrs. C. Thomas and Brothers, Bristol). With illustrations. Crown 
8vo, cloth, 10s. 6a\ 

Land Surveying on the Meridian and Perpendicular 

System. By William Penman, C.E. 8vo, cloth, %s, 6d. 
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Incandescent Wiring Hand-Book. By F. B. Badt, 

late 1st Lieut. Royal Prussian Artillery. With 41 illustrations and 
5 tables. 181110, cloth, 4s. 6d. 

A Pocket-book for Pharmacists, Medical Prac- 
titioners, Students, etc., etc. (British, Colonial, and American), By 
Thomas Bayley, Assoc. R. Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a 'Pocket-book for Chemists,' 'The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,' etc., etc. 
Royal 32mo, boards, gilt edges, dr. 

The Fireman 9 s Guide ; a Handbook on the Care of 

Boilers. By Teknolog, fbreningen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P. Dahlstrom, M.E. Second 
edition. Fcap. 8vo, cloth, 2s. 

A Treatise on Modern Steam Engines and Boilers, 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colyer, M. Inst C.E., Mem. Inst M.E. 
With 36 plates. 4*0, cloth, 12s. 6d. 

Contents : 

z. Introduction — a. Original Engines— 3. Boilers— 4. High-Pressure Beam Engines — 5. 
•Cornish Beam Engines— 6. Horizontal Engines — 7. Oscillating Engines — 8. Vertical High' 
Pressure Engines— 9. Special Engines— 10. Portable Engines — xz. Locomotive Enginr- 
ia. Marine Engines. 



Steam Engine Management; a Treatise on the 

Working and Management of Steam Boilers. By F. Colyer, M. Inst 
C.E., Mem. Inst M.E. iSmo, cloth, 2s. 



A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights 
Tanneries. With illustrations. Crown 8vo, cloth, I or. 6d. 



Aid Book to Engineering Enterprise. By Ewing 

Matheson, M. Inst. C.E. The Inception of Public Works, Parlia- 
mentary Procedure for Railways, Concessions for Foreign Works, and 
means of Providing Money, the Points which determine Success or 
Failure, Contract and Purchase, Commerce in Coal, Iron, and Steel, &c 
■Second edition, revised and enlarged, 8 vo, cloth, 21s. 
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Pumps, Historically, Theoretically \ and Practically 

Considered, By P. R. Bjorling. With 156 illustrations. Crown 8vo, 
cloth, p. 6d. 

The Marine Transport of Petroleum. A Book for 

the use of Shipowners, Shipbuilders, Underwriters, Merchants, Captains 
and Officers of Petroleum-carrying Vessels.- By G. H. Little, Editor 
of the ' Liverpool Journal of Commerce. ' Crown 8vo, cloth, iar. 6d. 

Liquid Fuel for Mechanical and Industrial Purposes. 

Compiled by E. A. Brayley Hodgetts. With wood engravings. 
8vo, cloth, *js. (>d. 

Tropical Agriculture : A Treatise on the Culture, 

Preparation, Commerce and Consumption of the principal Products of 
the Vegetable Kingdom. By P. L. Simmonds, F.L.S., F.R.C.I. New 
edition, revised and enlarged, 8vo, cloth, 21s. 

Health and Comfort in House Building ; or, Ventila- 
tion with Warm Air by Self-acting Suction Power. With Review of the 
Mode of Calculating the Draught in Hot-air Flues, and with some Actual 
Experiments by J. Drysdale, M.D., and J. W. Hayward, M.D. 
With plates and woodcuts. Third edition, with some New Sections, and 
the whole carefully Revised, 8vo, cloth, 7j. 6d. 

Losses in Gold Amalgamation. With Notes on the 

Concentration of Gold and Silver Ores. With six plates. By W. 
McDermott and P. W. Duffield. 8vo, cloth, 5s. 

A Guide for the Electric Testing of Telegraph Cables. 

By Col. V. Hoskicer, Royal Danish Engineers. Third edition, crown 
8vo, cloth, 4J. 6d. 

The Hydraulic Gold Miners' Manual. By T. S. G. 

Kirkpatrick, M.A. Oxon. With 6 plates. Crown 8vo, cloth, 6>. 

Irrigation Manual. By Lieut.-Gen. J. Mullins, 

Royal (late Madras) Engineers, retired ; sometime Chief Engineer for 
Irrigation, Madras, and Fellow of the University of Madras. With 
numerous plates and tables. Published for the Madras Government. Small 
folio, cloth or half-bound calf, 4/. 4*. 
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The Turkish Bath : Its Design and Construction for 

Public and Commercial Purposes. By R. O. Allsop, Architect. With 
plans and sections, 8vo, cloth, 6s. 

Earthwork Slips and Subsidences upon Public Works : 

Their Causes, Prevention and Reparation. Especially written to assist 
those engaged in the Construction or Maintenance of Railways, Docks, 
Canals, Waterworks, River Banks, Reclamation Embankments, Drainage 
Works, &c, &c. By John Newman, Assoc. Mem. Inst. C.E., Author 
of 'Notes on Concrete,' &c. Crown 8vo, cloth, 7*. 6d. 

Gas and Petroleum Engines : A Practical Treatise 

on the Internal Combustion Engine. By Wm. Robinson, M.E., Senior 
Demonstrator and Lecturer on Applied Mechanics, Physics, &c, City 
and Guilds of London College, Finsbury, Assoc. Mem. Inst. C.E., &c. 
Numerous illustrations. 8vo, cloth, 14J. 

Waterways and Water Transport in Different Coun- 
tries. With a description of the Panama, Suez, Manchester, Nicaraguan, 
and other Canals. By J. Stephen Jeans, Author of 'England's 
Supremacy/ 'Railway Problems, 1 &c. Numerous illustrations. 8vo, 
cloth, I4J. 



A Treatise on the Richards Steam-Engine Indicator 

and the Development and Application of Force in the Steam-Engine. 
By Charles T. Porter. Fourth Edition, revised and enlarged, 8vo, 
cloth, 9J. 

Contents. 



The Nature and Use of the Indicator : 
The several lines on the Diagram. 
Examination of Diagram No. I. 
Of Truth in the Diagram. 
Description of the Richards Indicator. 
Practical Directions for Applying and Taking 

Care of the Indicator. 
Introductory Remarks. 
Units. 
Expansion. 
Directions for ascertaining from the Diagram 

the Power exerted by the Engine. 
To Measure from the Diagram the Quantity 

of Steam Consumed. 
To Measure from the Diagram the Quantity 

of Heat Expended. 
Of the Real Diagram, and how to Construct it. 
Of the Conversion of Heat into Work in the 

Steam-engine. 
Observations on the several Lines of the 

Diagram. 



Of the Loss attending the Employment of 
Slow-piston Speed, 'and the Extent to 
which this is Shown by the Indicator. 

Of other Applications of the Indicator. 

Of the use of the Tables of the Properties of 
Steam in Calculating the Duty of Boilers. 

Introductory. 

Of the^ Pressure on the Crank when the Con- 
necting-rod is conceived to be of Infinite 
Length. 

The Modification of the Acceleration and 
Retardation that is occasioned by the 
Angular Vibration of the Connecting-rod. 

Method of representing the actual pressure 
on the crank at every point of its revolu- 
tion. 

The Rotative Effect of the Pressure exerted 
on the Crank. 

The Transmitting Parts of an Engine, con- 
sidered as an Equaliser of Motion. 

A Ride on a Buffer-beam (Appendix). 
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In demy 4to, handsomely bound in cloth, illustrated with 220 full page plates. 

Price 1 5 j. 



ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

A COMPLETE WORK ON THE DETAILS AND ARRANGEMENT 1 
OF BUILDING CONSTRUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing aao Plates, with numerous Drawings selected from the Architecture 

of Former and Present Times. 

The Details and Designs are Drawn to Scale, £", J", J", and Full sue 

being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads : — Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 



Sfaimen Pages, riducedfrom tht originals. 
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Crown 8vo, cloth, with illustrations, £r. 



WORKSHOP RECEIPTS, j 

FIRST SERIES. 

By ERNEST SPON. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dynamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint. 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
Lances,Lights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending," 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Paper, 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery — (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o'-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of, 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 
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WORKSHOP RECEIPTS, 

SECOND SERIES. 



By ROBERT HALDANE. 



Acidimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Synopsis of Contents, 

Disinfectants. 

Dyeing, .Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut. 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Pigments, Paint, and Painting : embracing the preparation of 
Pigments^ including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cseruleum, Egyptian, 
manganate, Paris, Peligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
rilling, coats, brushes, surface, water-colours, removing smell, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re-varnishing, 
how to dry paint ; woodwork painting). 
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WORKSHOP RECEIPTS, 



THIRD SERIES. 



By C. G. WARNFORD LOCK. 



Uniform with the First and Second Series. 



Synopsis of Contents. 



Alloys. 


Indium. 


Rubidium. \ 


Aluminium. 


Iridium. 


Ruthenium. 


Antimony. 


Iron and Steel. 


Selenium. 


Barium. 


Lacquers and Lacquering. 


Silver. 


Beryllium. 


lanthanum. 


Slag. 


Bismuth. 


Lead. 


Sodium. 


Cadmium. 


Lithium. 


Strontium. 


Caesium. 


Lubricants. 


Tantalum. 


Calcium. 


Magnesium. 


Terbium. 


Cerium. 


Manganese. 


Thallium. 


Chromium. 


Mercury. 


Thorium. 


Cobalt 


Mica. 


Tin. 


Copper. 


Molybdenum. 


Titanium. 


Didymium. 


NickeL 


Tungsten. 


Electrics. 


Niobium. 


Uranium. 


Enamels and Glazes. 


Osmium. 


Vanadium. 


Erbium. 


Palladium. 


Yttrium. 


Gallium. 


Platinum. 


Zinc. 


Glass. 


Potassium. 


Zirconium. 


Gold. 


Rhodium. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 
By C. G. WARNFORD LOCK. 

250 Illustrations, with Complete Index, and a General Index to the 

Four Series, 6», 



Waterproofing — rubber goods, cuprammonium processes, miscellaneous 
preparations. 

Packing and Storing articles of delicate odour or colour, of a deliquescent 
character, liable to ignition, apt to suffer from insects or damp, or easily 
broken. 

Embalming and Preserving anatomical specimens. 

Leather Polishes; 

Cooling Air and Water, producing low temperatures, making ice, cooling 
syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 
supplying water on a moderate scale, and moving corrosive, tenacious, 
and other liquids. 

Desiccating — air- and water-ovens, and other appliances for drying natural 
and artificial products. 

Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 
perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 
precautions. 

Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, eta 

Musical Instruments — the preservation, tuning, and repair of pianos, 
harmoniums, musical boxes, etc. 

Clock and Watch Mending— adapted for intelligent amateurs. 

Photography — recent development in rapid processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and applica- 
tions to modern illustrative purposes. 
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NOW COMPLETE. 

With nearly 1500 illustrations, in super-royal 8vo, in 5 Divisions, cloth. 
Divisions I to 4, \y. 6d. each ; Division 5, 17*. 6d. ; or 2 vols., cloth, £$ ioi*. 

SPONS' ENCYCLOPEDIA 



OF THE 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 1 5 pp. 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

PP. 57 ngs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., 11 figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. o figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

ngs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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In super-royal 8vo, 1168 pp., with 2400 illustrations* in 3 Divisions, cloth, price 13*. 6d. 
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A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING. 

Edited by ERNEST SPON, Memb. Soc. Engineers. 



Abacus, Counters, Speed 


Coal Mining. 


Lighthouses, Buoys, and 


Indicators, and Slide 


Coal Cutting Machines. 


Beacons. 


Rule. 


Coke Ovens. Copper. 


Machine Tools. 


Agricultural Implements 


Docks. Drainage. 


Materials of Construc- 


and Machinery. 


Dredging Machinery. 


tion. 


Air Compressors. 


Dynamo - Electric and 


Meters. 


Animal Charcoal Ma- 


Magneto-Electric Ma- 


Ores, Machinery and 


chinery. 


chines. 


Processes employed to 


Antimony. 


Dynamometers. 


Dress. 


Axles and Axle-boxes. 


Electrical Engineering, 


Piers. 


Barn Machinery. 


Telegraphy, Electric 


Pile Driving. 


Belts and Belting. 


Lighting and its prac- 


Pneumatic Transmis- 


Blasting. Boilers. 


ticaldetails,Telephones 


sion. 


Brakes. 


Engines, Varieties of. 


Pumps. 


Brick Machinery. 


Explosives. Fans. 


Pyrometers. 


Bridges. 


Founding, Moulding and 


Road Locomotives. 


Cages for Mines. 


the practical work of 


Rock Drills. 


Calculus, Differential and 


the Foundry. 


Rolling Stock. 


Integral. 


Gas, Manufacture of. 


Sanitary Engineering. 


Canals. 


Hammers, Steam and 


Shafting. 


Carpentry. 


other Power. 


Steel. 


Cast Iron. 


Heat. Horse Power. 


Steam Navvy. t 


Cement, Concrete, 


Hydraulics. 


Stone Machinery. 


Limes, and Mortar. 


Hydro-geology. 


Tramways. 


Chimney Shafts. 


Indicators. Iron. 


Well Sinking. 


Coal Cleansing and 


Lifts, Hoists, and Eleva- 




Washing. 


tors. 
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